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Python J& — F [ ] X} 8¢ 09 ff B R T R HLRR JFp i ih iR & T 1989 & il fir 22 A
Guido van Rossum &8, 1991 4.5 — /1~ FF# Python IRIE X &1T.

A L Bl A LA 2T VIR 2 2T R K, Python 19 52 W0 72 B B Ok e
HARW) HE 2 0y o] LL# B TIOBE E M : https://www. tiobe. com/tiobe-index/ .
2018 & 7 H Python HWHEA 2% 4 24, WA 1-1 frow.

Apr 2018 Apr 2017 Change Programming Language Ratings Change
1 1 Java 19.77T% +0.21%
2 2 C 13.589% +b 62%
3 3 C++ 7.218% +2.66%
4 5 A Python 5.803% +2.35%
5 4 v C# 5.265% +1.69%
b T A~ WVisual Basic NET 4 947% +1.70%
T 6 v PHP 4 218% +{)_64%

B 1-1 TIOBE 2018 4E 7 A th 215 5 HEAT B

2018 4= 3 H ,Python fEA EME 45 2 EE AR + 2020 4 1 H 1 HZ 1k 3 FF
Python 2.7 Wi A<, [ Af. T #OR M EZ 15 = 7 EH A B4 Python 2 MUA.
Python 3 2 K#FT#E ., A FE iR Python 3 B HE . A X Python 2 B HEF 7,
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BFIES S A. Notepad ZIFHIBEFA C++.CH Java X FEHEFES . HTML,
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2

3 )ift I EESWMERE, RERESEREL, HERAXZEE, HFRE\VSE L, HEIFE.

4 *.+E*;fla,u—+; %, 3£105564T, 197%

5 &2 AnanfiF), FTF138%).

6 3.BBRECRE TR, B F1345)

T AR\ S E L, mEERE 0.

8 ok

o

10 # 1 SAMEKE

: 5 4 import os

12 import numpy as np

13 import pandas as pd

14 import warnings

15 warnings.filterwarnings('ignore') # ZEEFE HBJwarnings

14

&l 1-3 Notepad 5 i &l
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TH, b B & RINRESS .
(5) REMETEATH B g, ] Do Hb 485 A 50 M BR SCAS |, RE A8 RG34 SCAS

1.2 #F|g% 2: Anaconda

Anaconda 1] ) fa] L Hb 3 O — > T EHAR , P& | conda.flask.nltk, pandas,
pip 55 180 Z P4l SOH AR I, v] DL {5 Hb, 5 3040 1) 22 % 8T AV 2, e an pL &%
3£, scikit-learn, il =5 fd wordcloud %¢, Anaconda |t KM TEER T
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Anaconda 'E M &5 hE & . https://www. anaconda. com, B W & 4 & 1-4 B
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Anaconda installer archive

Download Anaconda Distribution
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B 1-5 Anaconda FEFHEE (1)

Filename Size Last Modified MD5

AnacondaZ-5. 2. 0-Linux—ppctB4le. sh 269.6M  2018-00-30 13:04:31 479633a95906ea6d41056ebe84adc47h
Anaconda2-5. 2. 0-Linux-x86. sh 488. TM 2018-05-30 13:05:30 75Bel72aB24f467eabb55d3d076c132f
Anaconda2-5. 2. 0-Linux—xB86 64. ch 603. 4M 2018-05-30 13:04:33 5e034adabibec9bbaecllfal 3d8al4462
Anaconda2-5. 2. 0-Mac0SX-x86_64. pks 616.8M  2018-05-30 13:05:32  2836c839d29beB8d9569aT15f4c631adb
AnacondaZ-5. 2. 0-Mac0SX-x86_64. sh 527. 1M  2018-05-30 13:05:34 blf3fcf58955830b65613a4a8d75c3ct
Anaconda2—5. 2. 0-Windows—x86. exe 443. 40 2018-05-30 13:04:17 4a3729b14c2d3fcecd3al50821679c702
Anaconda2-5. 2. 0-Windows-x86_64. exe b64. M  2018-05-30 13:04:16  595e427e4b625bbeab92623a28dc4e?l
Anacondad-5. 2. 0-Linux-ppe6dle. sh 288.3M  2018-05-30 13:05:40 chdld5435ead2b0b37dbabh3ef45d4694
Anaconda3d—5. 2. 0—Linux—=x86. sh b07.3M  2018-05-30 13:05:46 81d5alb648e3aca4B843f88cald3769c0830
Anaconda3-5. 2. 0-Linux-xB86_64. sh 621. 6BM 2018-05-30 13:05:43 3ebB8f494ab9fbel 2db4460dc152377h5
Anacondad-5. 2. 0-Mac0SX-x86_64. pkg 613. 1M  2018-05-30 13:07:00 9c35hf27e9986701f7d80241616c665f
Anaconda3-5. 2. 0-Mac0SX-x86_64. sh b23.3M  2018-05-30 13:07:03 bbb789c01e1992deb5ee911754c310d44
Anaconda3-5. 2. 0-Windows-x86. exe o06. 3M 2018-05-30 13:04:19 285387eTb6eaBledbad8c011922e235a
Anacondad-5. 2. 0-Windows-x86_64. exe 631.3M 2018-05-30 13:04:18 6224400382b8142743622fdc3526eda’
Anaconda2-5. 1. 0-Linux-ppcB4le. sh 267.3M  2018-02-15 09:08:49  e894dccb47alcTd67deb04f6bbai223a
AnacondaZ-5. 1. 0-Linux—x86. sh 431. 3 2018-02-15 09:08:51 e26fb9d3e53049{6e32212270af6b98T
AnacondaZ2-5. 1. 0-Linux—x86_64. sh 033. M 2018-02-12 09:08:20 oblb57T84cae93cf696el 1e66983d58T06
Anaconda2-5. 1. 0-Mac05X-x586_64. pke 588.0M  2018-02-15 09:08:52  4f9c197dfeb6d3dcT7e50a8611b4d3cfal
AnacondaZ-5. 1. 0-Mac05X-xB6_64. sh 505.9M  2018-02-15 09:08:53  e9845eccf67542523e5be09552311666e
Anaconda2-5. 1. 0-Windows—x86. exe 419.84  2018-02-15 09:08:55 a09347a53e04al5ee965300c2b95dfde

B 1-6 Anaconda T&HAME(2)
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AL Anaconda3 5.0. 0 N, i &R B,
(D e Aif. HRbE USRS hiE1T".
(2) Bi Next 3241, WK 1-7 s,

O Anaconda3 5.0.0 (64-bit) Setup

(64-bit) Setup

5.0.0 (64-bit).

| ANACONDA

computer.

Click Next to continue.

Welcome to Anaconda3 5.0.0

Setup will guide you through the installation of Anaconda3

It is recommended that you close all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your

[ _tet> || conce

E 1-7 Anaconda3 5.0.0 Z 3 R HE (1)

(3) H.if; T Agree ¥4 . W0 &l 1-8 Fias .,

License Agreement

5.0.0 (64-bit).

'{ ) ANACONDA Please review the license terms before installing Anaconda3

Press Page Down to see the rest of the agreement.

Copyright 2015, Anaconda, Inc.

All rights reserved under the 3-clause BSD License:

permitted provided that the following conditions are met:

- Ben = ne -

agreement to install Anaconda3 5.0.0 (64-bit).

Anaconda, Inc. -

Redistribution and use in source and binary forms, with or without modification, are

-

If you accept the terms of the agreement, click I Agree to continue. You must accept the

| <gack | ragre

| cancel |

B 1-8 Anaconda3 5.0.0 ZHEREE (2)




(6 ) Python#l2s % > ——#3E 24T 51 7 F ER (FURRR) I

(4) A%k All Users(requires admin privileges) , 27 Next &4 . WA 1-9 7~

o Select Installation Type
53 ANACONDA Please select the type of installation you would like to perform
for Anaconda3 5.0.0 (64-bit).
!
|| Install for:
| (@) lust Me (recommended)
(@) All Users (requires admin privileges)

|
|
|

Anaconda, Inc,

| < Back | 9 ext > | Cancel

B 1-9 Anaconda3 5.0.0 ZHEFHE (3)

(5) FERFBINLE{IE N C: \ProgramData\ Anaconda3. 8.1 Browse 1] &£ B
ENEHBEHR . AERABENHE LELEKIE N D: \DevTools\ Anaconda3, ¥ 7
Next %4 . & 1-10 Fras .

f

O A =

Choose Install Location
':O ANACONDA  choose the folder in which to install Anaconda3 5.0.0 (64-bit).

Setup will install Anaconda3 5.0.0 (64-bit) in the following folder. To install in a different
folder, click Browse and select another folder. Click Next to continue.

Destination Folder

D:\DevTools\Anaconda3 Browse...

Space required: 511.3MB
Space available: 20.8GB

Ansconda, Inc,

& 1-10 Anaconda3 5.0.0 L3 A & (4)
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(6) [A] B 2] % Add Anaconda to the system PATH environment variable #ll
Register Anaconda as the system Python 3. 6, 8.7 Install #&41. WE 1-11 Bz,

O Anaconda3 5.0.0 (64-bit) _ﬁg'

. Advanced Installaion Options
ﬂ ’ ANACONDA Customize how Anaconda integrates with Windows

Advanced Options

[/]:Add Anaconda to the system PATH environment variable

Not recommended. Instead, open Anaconda with the Windows Start
menu and select "Anaconda (64-bit)". This "add to PATH" option makes
Anaconda get found before previously installed software, but may
cause problems requiring you to uninstall and reinstall Anaconda.

[¥| Register Anaconda as the system Python 3.6

This will allow other programs, such as Python Tools for Visual Studio

PyCharm, Wing IDE, PyDev, and MSI binary packages, to automatically
detect Anaconda as the primary Python 3.6 on the system.

Anacondsa, Inc,

& 1-11 Anaconda3 5.0.0 L2 R EE (5)

(7)) HEREABETE 4~5 7480, &5 Next #FH , WA 1-12 s,

O Anaconda3 5.0.0 (64-bit) Setu

Installation Complete
| £ ANACONDA  setup was completed successfully.

: extraction complete. -
Execute: "C:\Users\hf\AppData\Local\Temp\nsh6B71.tmp\pythonw.exe" -E -s "D:\D...

Removing temporary files...

i Creating Anaconda3 menus... |

Execute: "D:\DevTools\Anaconda3\pythonw.exe" -E -s "D:\DevTools\Anaconda3\Lib...

| Running post install... I

| Execute: "D:\DevTools\Anaconda3\pythonw.exe" -E -s "D:\DevTools\Anaconda3\Lib... [

Execute: "D:\DevTools\Anaconda3\pythonw.exe" -E -s "D:\DevTools\Anaconda3\pk...

Created uninstaller: D:\DevTools\Anaconda3\Uninstall-Anaconda3.exe

Completed @

ki

Anaconda, Inc,

I | < Back ‘l Eﬂﬂt} I ‘ Cancel |
— o |

& 1-12 Anaconda3 5. 0.0 L3R EE (6)




g_ 8 ) Python#/188 % S]—— 8B DT S1E 2 R ERZ (R RR) I
(8) Bl A 1% Learn more about Anaconda Cloud #1 Learn more about Anaconda

Support. R J5 B 7 Finish ¥4l . 2 5E A T Anaconda B % . WA 1-13 Fimw.
O Anaconda3 5.0.0 (64-bit) Setup =)

Thanks for installing Anaconda3!

Anaconda is the most popular Python data science
platform.

‘.
.
'
l.‘.
Ya,
.

ANACONDA

Share your notebooks, packages, projects and
environments on Anaconda Cloud! i

Learn more about Anaconda Support |

‘ < Back i[ $Einhsh ‘ Cancel

& 1-13 Anaconda3 5.0.0 X R mE (7)

1.3 #|gF 3: Miniconda

Miniconda #H 3 T 2R /R UH) Anaconda, I RE X Anaconda /> —26 . R it
B 25 8] Fb B /N 3% L v] L& %% Miniconda, il A 44 %% Anaconda.

Miniconda ‘B M #F 4 #b ik & https://conda. io/miniconda. html, 2 & 1-14 Pt 7~
Miniconda F # &8 31l 4« https://repo. continuum. io/miniconda/ , 11 & 1-15 Ff 7R .

Conda R
Miniconda \
-H I 8,
R '
x

A 1-14 Miniconda B M & 71 5 i &
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Miniconda installer archive

Filename Size Last Modified MD5

Miniconda2-4. 5. 4-Linux-ppcb4le. sh 36.9M  2018-06-06 23:07:18 Jdelbeeb447cB02560%caled4l10f768417
MinicondaZ2-4. 5. 4-Linux—x86. sh 35.5M 2018-06-06 22:27:33 af38aelb8alcelbcbb289d151c488045
Miniconda2-4. 5. 4-Linux-x86 64. sh 38. 1M 2018-06-06 22:24:38 Balc02f6941d8778f8afad7328265cf5
MinicondaZ-4. 5. 4-Mac05X-x86_64. pkg 34.5M  2018-06-06 23:12:27 6040eeB826B86b36f9bffa32dof2al341b
MinicondaZ-4. 5. 4-Mac05X-x86_64. sh 29.8M  2018-06-06 23:12:26  35f4ca99d33ed56f68745eeaf1449274
MinicondaZ2-4. 5. 4-Windows—x86. exe b1.8M  2018-06-07 00:09:59  55502ce28ba3albaal2954522d4362442
Miniconda2-4. 5. 4-Windows—x86 64. exe 55.9M  2018-06-06 23:52:04  d285b7451deb4a33037033307c153684
MinicondaZ-latest-Linux—ppcb4le. sh 36. 9M 2018-06-06 23:07:18 JelbeebddcB02560%ale410£768417
MinicondaZ-latest-Linux-x86. sh 30.5M  2018-06-06 22:27:33  ab38aelbB8alcelbebb2B89d151c488045
Miniconda2-latest-Linux—x86_64. sh 38.1M  2018-06-06 22:24:38 8alc02f6941d8778f8afad7328265cfh
Miniconda2-latest-Mac0SX-x86 64. pkg 34.5M  2018-06-06 23:12:27 6040ee82686b36f9bffa32d5f2al341b
MinicondaZ-latest-Mac0SX-x86_64. sh 29.8M  2018-06-06 23:12:26  35f4ca99d33edo6f68745eeaf1449274
Miniconda2-latest-Windows—x86. exe 51.8M  2018-06-07 00:09:59 55502ce2Bbadalbaal2954522d362442
MinicondaZ2-latest-Windows—x86_64. exe 55.9M  2018-06-06 23:52:04  d285b7451deb4a33037033307c153684
Miniconda3-4. 5. 4-Linux-ppeB4le. sh 54.9M  2018-06-06 23:07:24  05c1e073f262105179£f57920dfc4d43
Miniconda3-4. 5. 4-Linux—x86. sh 53.7TM  2018-06-06 22:27:35 0fcc79d640d82b7d36ea39654a82dd9d
Minicondad—4. 5. 4-Linux-x86_64. sh b5.8M  2018-06-06 22:24:39 a9%46ealdlc4ab42ddf0c3a26al8bbled
Miniconda3-4. 5. 4-Mac0SX-x86_64. pkg 40.2M  2018-06-06 23:12:28  242882072fda2ada8551239e9041f5e9
Miniconda3-4. 5. 4-Mac0SX-x86 64. sh 34.9M  2018-06-06 23:12:26  164ec263c4070db642ce31bb45d68813
Miniconda3—4. 5. 4-Windows—x86. exe 51. 1M  2018-06-07 00:10:06 bc2f687a9¢92455a099242929df8471d
Minicondad—4. 5. 4-Windows—x86_64. exe 54.8M  2018-06-06 23:52:12 1c73051ccd997770288275ee6474b423
Miniconda3-latest—-Linux—ppe64le. sh h4.9M  2018-06-06 23:07:24  0bcle073f262105179cf57920dfc4d43
Minicondad-latest-Linux—x86. sh 53.7TM  2018-06-06 22:27:35 0fcc79d640d82b7d36ea39654a82dd9d

K 1-15 Miniconda T %% 5 &

Miniconda B3B8 5 Anaconda WXL TFEL, i =M 1. 2 95 Anaconda
M ZR IR X B AHEFA,

1.4 #FzF 4. PyCharm IDE T &

31 Java.Go.Web JF &1, A GEHRFNIE JetBrains 23 A . %A B BY 27 i A7 5
% Java i 5 FF & 1 Intelli] IDEA, 4% Go i & 7 & 9 GoLand, £ % Web FF & &)
WebStorm, P & 1% Python 1 5 I &% H) IDE T. H——PyCharm,

PyCharm /&—3KX Python IDE, i] LA .32 #2 & Python B JT & &3, o] DL &
W T R 5E W Project B IR AU BEEE L BE 4R N B oT I | R AR 4 ) 45 0T & R
15494 5 ARSI i B b, PyCharm AJ PR 52 B0A% 152 & 52 . & AE A I LA B — 4 =X A0 Pk
A A, {875 g 5 SE m Ak .

PyCharm B M&E £ il & . http://www. jetbrains. com/pycharm, 401 1-16 P
™. PEEEREEH UL N hip://www. jetbrains. com/pycharm/download/previous.
html, 70 & 1-17 fi7s .

H AR 2230 R 1 I ¢ AL
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JET
DA NS

PyCharm What's New Features Docs & Demos Buy {_ Download |

Python IDE
’rofessional Developers

DOWHNHLOAD NOW

Full-fledged Professional or F

WHY
PYCHARM

[ 1-16 PyCharm B M & 7 7

PyCharm What's New Features Docs & Demos Buy ( Download
W Sr o S

Previous PyCharm Releases

Version 2018.1 More updates
PYCHARM PROFESSIONAL PYCHARM COMMUNITY EDITION
EDITION o
201811 for Linux (targz) Yofmonaomy
201811 for Linux (targz) Build: 181444576

201811 for Mac OS5 X {dmg) Released: April 10, 2018
201811 for Mac OS X (dmg)

201811 for Windows (exe)
201811 for Windows {exe)

Version 2017.3 More updates
PYCHARM PROFESSIONAL PYCHARM COMMUNITY EDITION
EDITION
Version: 2017.3.5
20172.3.5 for Linux (targz) - I
2017.3.5 for Linux (targz) Build: 173.4674.54

201735 for Mac OS5 X (dmg) Released: Apnl 11, 2018
2017.3.5 for Mac OS X (dmg)

U135 Tor wWindows (exe)
2017.2.5 for Windows (exe)

& 1-17 PyCharm T 5 @ &
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1.5 #FZ5 5. Spyder

Spyder & — ] B E NI A5, 5 PyCharm A, A B R & KA 58 . 1]
DI F AR E T4 R . Spyder 952 V5 £ %A% F9 B, AP AT LLAR 4 H
CHEH B ENNAEMR/D, B2 0 HAE—D X B DR gy i
ST

Anaconda %35 0 2R A 8 B, T Spyder, % %% #f Anaconda J5 » 5t 7] LA #F Anaconda
e T # F B Spyder. Spyder B RN 1-18 i . AN RBRE WRIE.EH
FATTUEREXMER. EH FTATU#EITRBEH B, FEFERBHYEKES
753 .

_-'lil M=@: ENW4E®E (Fre-processing Data)
ilt 2.1 SAMEE (a]

import o8
| import datetime
44 import ite tools
[}
4€ import numpy as np
47 import pandas aa pd
48pd.set option('display.float format', lambda x : "%.4f" & =)

4 Variskls sploper | Pile emplorer | Nelp | Profiler | Pratic code analvals

50 impert matplotlib.pyplot as plt

6l import matplotlib.gridspec as gridapec B L -
52 #tmatplotlib inline [ Canasle 14 o | 5 a
E3ple.styls, ose (' ggplot') § PR fegplot B Python 3.6.2 |Anaconda, Inc.| (default, Sep 1% 2017, 08:03:35)

- [MEC w.1900 &4 bit (AMDE4) ]

55 impart seaborn a8 ans Type "copyright™, "credita™ or "license™ for more information.

o€ ans.sat_styla( 'whitegrid®)
57 IFython §.1.0 -— An enhanced Interactiwve Pythom.

58 import missingno as mooo =
58 In [1]: import oa

£0 import warnings - +eet import datetime
el warnings. filrervarnings (* lognose"] «ast impart itertoals
sanl

£3frem aklearn.preprocessing impart StandardScaler caot impoart sumpy as n6p
€4 from sklearn.linear modal import LoglsticRegression ++:t import pandas as pd
£5 from sklearn.model ssalection import train teat aplit, GridSsarchCV <ol pd.met option('display.floast format®, lambhda x : "k.4f°
Ef from sklearn.snaemble import RandomForsatClasaifier v x)
68 from sklearn.metrics import accuracy score, recall score, auc «++1 import matplotlib.pyplot as plt
£% from sklearn.metrics import confusion makrix, roc curve, roc_auc_score saat import satplotlib.gridspec as grldspes
10 from aklearn.metrica import precision_recall curve, classification report e - 'imatplat ib 1n11n-a

! .t plt.style.usa| gqplot’) § ARREnEqmler/§

El 1-18 Spyder 5 F

1.6 #FI3F 6: Jupyter Notebook

Jupyter Notebook (I #FK & IPython notebook) & — 3 B A LA, XiFiz
140 ZFgREIES . HAFRE — Web N HRF . TOIEMILZRETF 0. i
SRS B B TR A Markdown.

495 Python XISt rh, il LTI AR BR. HEILSR¥ET T,
Jupyter Notebook # H FEEHF VE. F it EKEF., A B EEZETE Jupyter
Notebook ™1 i#f 17 44 5 Fl Jié #A .




( 12) Python#/l 28 % S ——&#E 4T 51 4 K 245 (RHUERR) I

Anaconda &2 L ERIAEE AL | Jupyter Notebook, % %% % Anaconda J& » Bt 0] DL £
H 3 Jupyter Notebook., Hii New 4l . % Python 3, 8t n] LIGI & — 1N F &K K
. ipynb Y Jupyter Notebook {4, Bf& Fman & 1-19 Fiw,

— J u P‘th r Logout
Fik=g Rumning Clusters
Select fhems o perform actions on them Uiphoad E v}
Pl osbe B
- B >
Python 3
¢ D AnacondaProjects o
Oihear
(3 AppData Text Flie [
[ Contacts Folder o
- Terminals Linavalkahbie
O Deskdop jo
J Documents 9 hoisrs ago
! O Downloads 3 monihs ago
2 O Favortes o months agao
O go 4 months ago
(O Links 4 months ag0
5 Music 4 monihs ago
4 D Paetures 2 months ago
¢ D Saved Games & months ago
! O Searches 6 montns ago
0 wvioeos 5 monins ago

& 1-19 6I# Jupyter Notebook 3C14 7 i &

Wi Untitled, ] IS SCHE 2 FR A BB N test. i A L T RBZ G & F
Shift+Enter 8,50 0] DA # 2 B 4 B 4 R IF Bk 2 F —47 . W E 1-20 Fras .

import numpy as np

import pandas as pd

2 B s
3*%5
— Jupyter test Last checkpoint: 01/13/2018 (unsaved changes) @ Logu
Filie Edit View Insert Caell Kearmel Widgets Help Trusted IP{.I‘I_thS o
B + = B |+ 4 M B C|cCok v || E=

In [1]: import nunpy as np

In [2]: import pandas as rp

In [3]: |1#2

cut[3]: 3

In [4): | 3%5
mut[4]: 15
In [ 1:

B 1-20 Jupyter Notebook E.{&$#:4E 5 &
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1.7 NG

AT EEAI 4 T FE Python 3K bn It A B2 b . W H B % 3 4r L IDE JF & T H i %
P AT/ . KT Linux 1 MacOS 2548 EAHCHMH) &%t 72, 522 4 0] DL E 48 2R A
K FEE .



PythonZ{ % 55 HIL UF#:

2.1

Kt
f

ERCER, RMNMBET —m— kA EA, k. BZ .y BET R +y=3,
r—y=1,KRzMy ®WE. XERHWERZE 2=2,y=1, L b, KB = My 5
a8, HATE Python 1, RV x,y RFm — D LA Z R, K EH .5,
ke K2R 7N BUH B AR

Flhz=2 I,z E— T8, XNMTEREM T —8ER 2 OHE. X1 2 5
HERMEXHGER. Ed%5 =", AP 2 RES TZE - IEE REFT
2 BENAE R Al . R, G40 msg = 'hello world! ', 3% BLAY msg sk — A8 B, @il
7 %=", 'hello world! "$MIEZG | msg, B msg &4F T "hello world! "#e N A7 H AL

16 FH AR B . R 50 iy 22 B RE LA AT B 25 5 ) 32 A BE g L 08 55 001 H 41 i)
fibs B 03 AT 2

VAR 2 B BN AR RN,

(D ZrA Hga 7o AF M T Egk, Zafa] DIFREECF m& Itk B A



I 2% PythonZ#E LA BIA R ( 15 )
O

RELARUF Ik o Bilan, n]Rf A8 45 24 N message_1,

In [1]: | import keyword
18 ,Trﬁ'éﬁ% T4 R 1 _message., keyword. kwlist
(2) A RARBEA G2 M A Fmgoe Ot Llelse
bR EobpyE e, B0, AR i 44 greeting_message :zs:a”
N 47, [HAE i 24 greeting message 25| & 1k . :Z:;;rt,’
(3) TREAH FH Python X 8 57 A1 5 404 Fi AR 25 el
it 4, Python P4 H 33 P CRF N3 2-1 Bm, B o
# % B Python Yy % 8 5, o LL#i A import bt
keyword, 2k J5 - i A keyword. kwlist B o] & | ,zijz;;
Python P 33 A~ KA WA 2-1 Piv. . Y
(4) AT R 4 9F FLiE R F 5 RE 5 I 4 il
HME., #in,age b a # ,stu_name b s n 55,
& 2-1 Python HE /K 33 4
5) [HAH /NG 5EE] 5%+ O, WA MEAN '
(5) HAHNEFH 1 KT FE: OB A EA] - i e 3 3
T EEB N B A LT 1 A1 0,
#*2-1 Python HER 3P XEF
False None True and as assert break
class continue def del elif else except
finally for from global if import in
is lambda nonlocal not or pass raise
return try while with yield

RONE RS i B4

HY 28 T A2 08 A

i 44 B - AT 2 5 Y 2 5 BE )

2.2 FHFE

£ Python Hv, 0] LM H B 5] 5 © 7 503& X 5] 5
Tazxﬂ)‘ljﬁ m%m Aﬁﬂﬂﬁja ﬁ‘ﬂ_}fm:

strl = 'hello world!'
str2 = "hello python!"

— JE HY S K L A ) 52 PR A5 /Y e, ] DL S IR A

URAUEFAEH. ECERFAES



(16 Python#l 38 S— BB AT 54 FRIEHIER) |

)

[ B}, G| 5 NG| 5“7 dn] PLgs &8 A, Bl ] DLAE 77 &8 b ol & 51 -5 F i
5. Bl .

'T told my friend, "Python is my favorite language!"'

"One of Python's strengths is its diverse and supportive community."

WA TREFRF RN E LZE G P45 B e AT 3RV 7 ik st 5 2 5 Al
FAER TR A,

BT B B A 0T AR N 9 5 L LB T AR AR I 2 5 F AR R R TP ISR 5
WS X T oA F RPN FEERREFEFRE. WEREENE.E
Python 1, FHR2EM 0 FFERHT . AN 1 FF LAY

TFREBPLRR EM2TF AN RAH, LR MRS, W msg="IzZMk | 2",
msgl0]="#Z" ymsg[ 1]="MR", LAIMZEHE. ML, name= "hello's W name[0]="h",
namel 1 ]="e", DI ZEHE,

Y) i 238 X R AE B 5 R EUBCH h— 3B W RAE . A PR T W SRR U A
e, MREE.: B 450 2K ], BB XIEE T 245 JF 8, B #4657 47
G B SR AR R — LSS R R A& SR AL A ) o %z 3 &5 b g2 1 A I T
RUDKTA] , L n] LLFR A N start <=i <end,

fim : name= "hello", W Y] i 49 % WARMEIN X 2-2 Frw .

x22 VMIRMERBEETH

FRPERY RiEE = K 4
name[ 0: 3] = 'hel’ BUF#s 0~2 B HF
name[ 0: 5] = 'hello’ B F#r 0~4 BIEH
name[ 3: 5] ="'lo’ B F#r 3.4 BFM
name[ 2: | ="llo' BT R R 2 FF 66 B 8 5 B9 4F
name[ 1. —1] ="ell" HBUR bR 1 s BEEEE 2 A~ Z R F4F
name[ : : 2] = 'hlo’ MTFHR 0 FIGBIEGEFA4. 808 2 Mg, U FEA
name[5: 1: —2] ="ol' M TFHR 5 Frie. 8 T 2 #5862 ML &, BUH 5

T8 S PR VR v, 20 SR 00 3 5 2 ok B0 5K L AT LU{E F help fim 4
FEAT R R AN BRAH . Ledn 4B IE A E str BRI A . B 4 7] LLEE Jupyter Notebook H7,
Wi help(sto) 2 R IER S FHBAXLBNA; WA dir(sto) . 2 Bon
745 BT B R i AN O B (FE Python . IS R il 48 7T 3k B9 05 25 0 2R
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IWNARAE T . M TFEARPRE -FFE gk, b find B HE, 7 Ll A help
(str. find) 52 5L LA 3 find 7 3 09 BAR A 4 F R 25, 6 s B8 A S 50 &
PREGR M{E , tnE 2-2. & 2-3 F1E 2-4 Fras,

In [2]: help(str)

Help on class str in module builtins:

class str(object)

str(object="") —> str
str (bytes_or buffer[, encoding[, errors]]) —> str

Create a new string object from the given object. If encoding or
errors is specified, then the object must expose a data buffer
that will be decoded using the given encoding and error handler.
Otherwise, returns the result of object. str () (if defined)
or repr (object).

encoding defaults to sys. getdefaultencoding().

errors defaults to ’strict’.

Methods defined here:

__add__(self, value, /)
Return self+value.

& 2-2 help(str) B FH

In [3]: | dir(str)

Out[3]: ['_add_’,
' class_’,
¥ = b
__contains___,
*  delattr ’,
Y

X b

._aee  #,
¥ b
_—eq
"  format ’,
¥ _ge_.l "
’  getattribute ,
' getitem ’,

» ¥
getnewargs__ ,

__1ter_ 7,

B 2-3  dir(str) B H %

T ST 2R T4 A YR R AE
TAT AL BRIE BRA R IR AR 2-3 B .



(m)wmmmﬁiﬂ——ﬁﬁﬁﬁEﬁﬁf@%ﬁﬁﬁﬂ
;:_j

In [4]: | help(str. find

Help on method descriptor:

find(...)
S.find(sub[, start[, end]]) —> int

Return the lowest index in S where substring sub is found,
such that sub is contained within S[start:end]. Optional

arguments start and end are interpreted as in slice notation.

Return -1 on failure.

& 2-4 help(str. find) B FH

F2-3 FHAEXRIBEAE

BRI B B X Bl T

>>>strl = "HELLO world 123’
>>> strl. upper()
'HELLO WORLD 123"

str. upper()
WA NEFERTRKRE (R XEE58EER

>>>strl = "HELLO world 123"
> strl. lower()
'hello world 123"

str. lower()

KA KRGS FRERNG (RXFR5EER)

>>>strl = '"HELLO world 123"

T T T

>>> strl. swapcase()
'hello WORLD 123"

str. swapcase()

B RNEFHER

>>>strl = '"HELLO world 123"
>>> strl. capitalize()

'Hello world 123"

>>>str2 = '3HELLO world'
>>>> str2. capitalize()

'3hello world'

str. capitalize()
BHFRBRE . EAFH/NE(ERIEFMHFEN
B—ITILERFER)

>>>strl = '"HELLO world 123"
> strl. title()

str. title() 'Hello World 123"
FHENEITREEFEEKRE >>> str2 = '123hello world’
>>> str2. capitalize()

'123Hello World'

TR R CERB L HEIE 2-4 i,
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®24 FHRRREXXFYRAZX

PRI 24 K X

#m T

str. find(substr,start,end)

R i 75 B ostr R B AR T F 4T H substr, IR
W REIFF5F 8 substr FHMA B RIIH,
)R B —1

6

==

>=wgtr]l = "HELLO world 123’

>>> strl. find('wo")

>>> strl. find('wo', 10)

str. rfind(substr.start.end)

(P F find O ORB. ATRNAFHFHE
 substr

3

>>> strl = 'HELLO world 123"

>>> strl. rfind('L")

str. index(substr,start,end)
5 findO) F ik —H, N substr A 7EF A& I
SREE

o/

>>>strl = 'HELLO world 123’

> strl. index('wo")

>>> strl. index( 'wo',10)

ValueError: substring not found

str. rindex(substr,startsend)

KT indexO , A& N A I 17 & 4% substr

3

>>>strl = 'HELLO world 123"
> strl. rindex('L")

>>> strl. rindex('h")

ValueError: substring not found

str. count(substr,.start,end)

B FFMH substr ZEF AT st IR E

\/ o/

o

>>>strl = '"HELLO world 123"

>> strl. count('L")

== strl. count( 'z")

e e T K R MR 2 A 25 R

®25 FHHEAAFKREBEREZE

BR B2 S X

Bl T

str. startswith(substr)
BMEFFBESRL substr 3%, & W& [
True, 5 WJ3& [7] False

>>2> strl

»ogtrl.

True

~>> strl,

= 'HELLO world 123"
startswith('HE")

startswith( 'he")

False

>>> strl = 'HELLO world 123"
str. endswith(substr) >>> strl. endswith('123")
BEFMHPEREL, substr R, R BB E | True
True, 75 Mj& [7] False > strl. endswith( '456")

False




l!:.-

(20) Python#l88 % 3—EIR AT 519 FEERIRR) |

J

ZL 3R
PR S XL 4l F
>>>strl = "HELLO world 123'
) >>> strl. i1supper()

str. isupper() .
REFHHRANTERBBRKEFEHGE | | |
. DA, RRES R ) > str2 : HELLO WORLD 123

>>> str2. isupper()

True
str. islower() >>> strl = 'hello world 123"
REFHPRENFEEEME/NE FE (E | >>> strl. islowerO
: AREFE ARESHK . HFH True

>>> strl = 'HELLOworld'
str. isalpha() >>> strl. isalpha()
REFHRESSRFRHAM, MR ZERB | True
True, & M3& [A] False, (FBFMABEHFEET | >>>str2 = "HELLO world'
PERAY D) >>> str2. isalpha()

False

seeatrl = 123

2> strl. 1sdigit()

True
str. isdigit() >>>str2 = '12 3¢
REFHBRERLSHHNFHR, MR EEE | >>> str2. isdigitO
True, %5 MJi& [7] False. False

>>>strd = '1231"

= strd. 1sdigit()

False

>>> strl = 'hello123"

>>>= strl. isalnum()

True

>>> str2 = 'hello 123
str. isalnum() L _
Ko B 7 A g S0 > str2. isalnum()

False

>>> str3 = ‘'hello1231"

>>> str3. isalnum ()

False




| 328 Python¥iE kB AR (21)
=0

gk
PR 224 B X i T
S>> strl = "
>>>> strl. isspace()
False
str. isspace() > strd = '
KEFMAEPERRAQZTZER, R REMER B | >>> str2. isspace()
True, 5 M i& [ False True
>>>str3 =
~>>>> str3. isspace()
True
TAF A A R B S L 3R 2-6 Fhias .
F2-6 FHEBRAULLXBRBLAZE
R ¥ B X il s

str. ljust(width)
BE—NREEFBRLEMNF HEHAESKRERSZ
K E A width B # F 47 8

>>> strl = ‘hello’
> strl. just(10)
'hello "(AEE 5 1K)

str. rjust(width)

B — P RFFBRAEMF.HEHEREATE
KR width BT F 7F &

>>> strl = 'hello123"
>>> strl. rjust(10)
hello123 (M ALH PI- 1= #%)

str. center(width)

B —-NERFHFBREP HEASKETER
FEA width BB 45 88 CY F 45 8 A Al g B
SR, A E R R —1)

>>> strl = 'hello’

> strl. center(7)

"hello (EARWAE—TER)

»>> strl. center(8)

"hello "(Z#A—1TZH . AAPITZER)

e e B K B B PR R 2-7 R

x27 FHEHMUXREHEAE

PRE 44 B X

Bl F i

replace(strl, str2, count)

H str2 o strl, WNR count 75 5E , W & 2 A
i count K

>>> name = 'hello world world’

>>>> name. replace( 'world', 'Python")
'hello Python Python '

>>> name. replace('world', 'Python’, 1)
'hello Python world'




(22)) Python#l88% S—HIEHIT 50 FERBHORR) |

LR

PR i X

Bl - i

split(str="", maxsplit)
LA str AR Y F40F 8, R maxsplit H
6 EH, WAL 4B maxsplit 4~ FFAF

s

>>> name = 'hello world Python Go'
>>>> name, split(' ')
[ 'hello', 'world', 'Python', 'Go']

T, T T

>>> name. split(' ', 2)

[ 'hello', 'world', 'Python Go']

_ >>>mystr = '\n\t hello \t\n'
Strlp{ ) e e l ( )
>> mystr. stri
I 7 8 O 1 25 A R
'hello’
>>> mystr = hello"
>>>> mystr. Istrip()
Istrip() 'hello’
W BR 75 B 2B E HFEM >>> mystr = hello '
>>> mystr. lstrip()
'hello '
: >>> mystr = ' hello ‘
rstrip() e 0
e . > mystr. rstrip
MR FFF R K EBNZE HFA
hello'
partition(str) >>> mystr = 'hello world Python and Go'

WFELFF B L str - F B =34 . str 78 ,str F str
Ja s PR B stry B B AY B — A JTH tuple

> mystr. partition( 'Python")
( 'hello world 's 'Python's 'and Go")

rpartition(str)

FKALT partitionO) R &L, A it B M A L o

>>> mystr = 'hello world Python and Go'

~>> mystr. rpartition( 'and")

(' hello world Python ', 'and’s 'Go")

splitlines ()
TR E R -1 E&ETHERTEN
F &

>>> mystr = 'hello\nworld’
>>> print(mystr)

hello

world

>>> mystr, splitlines()

[ 'hello’s 'world']

join(str)
FRHBPEANFHEEBEA s, W& —
[

gty — "1

>>>1i = ['my', 'name', 'is', 'Python']
>>> str, join(1i)

'my name 1s Python'

S>> str =

>>> str., join(1i)

'my_name_is_Python'
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B EIRFR R E HBAER TS E A — T X S R g nl BB S 7 ik . Lk
. H— P FRHBEREERUTFE L HERBUTFECTER., HhiEsE
B H startswith(3# endswith) pREL, (B X} F— 22 902 #ok Ud, a0 58 F4E f 4o 3L A
)~ AREcCE U) R, BEAS BE S5 3% pR ZC ) THREWE 7

Di“a” T3k JHBUT AR08 0 2R, 5B “a” 17 b 8, a0 R AH 55, W3R [8] True, &
W3R [l False, [F¥,BHFHFRMERE —DFH. 5F 817 8, qo 28 46 5 )
& 8] True, 0 F A HHSE W R [B] False.

(BRELPRIF RS TR EH B 2 E M. R 3 kM S 50N 2 —
TR ZEFLE? MWREFHE . SASREFHER? FREMNRKERGKT
LR TR B RESE I, W ZEET,

T RS — A H W A AR R AR R DARE — R R T Sk Y R BRI AR R
MISEA 2 FRFRIRAD . WERZ,WGRE True; & WK A False, HACISZE T4 R
mE 2-5F 7 .

def startswith prefix(mystr, prefix):
if len(mystr) >= len(prefix) and int(mystr|[ :len(prefix)] == prefix):
return True
else:
return False

In [5]: def startswith prefix(mystr, prefix):
if len(mystr) >= len(prefix) and int (mystr[:len(prefix)] = prefix):
return True
else:
return False

In [6]: startswith prefix(’ python’, ' py')

Outl[6]: True

In [7]: startswith prefix(’ python’,’ go’)

False

=]

Out[7]:
Kl 2-5 startswith_prefix BRAEZ T4 R

o B A P R HIRER . 2 B S S AR R IEE B A SRk, N
M 5 B — 4 Y B PR A .t A B A AR X — N I [ AL, HE 8 PR G b AR 3]
—SENE R LR R A C RS R TS H O RS

g
l::-tj
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.r:_;j o

2.3 %3k list

SR list & — T A FF B985, a] LUBE B a5 o Fnoml BR H vp sy oo 22, HK B 2 nl A2
. 7 Python i i H P #EZ[ IREAR — 1K, R P BT E o] L2 int B,
string Y, . A] LIJ& int A string ARG A, Lo, ZHH BE R B r A 4 24 5, B Al
LA — list &7 .

classmates = ["9k =", "ZWN", "EH"]

A classmates B — 513, 0] LL# T AR 1710151 3% o0 £ M1E , thnl LUE ik 5]
R . H,classmates[ 0 /0% H 45 R R "9 ="

i lenO pREL AT LLAKAR list JTTR D% len(classmates) W4 45 R 3. 1F
BEAEPHTERTUEZRN . JFHINE list IRTIZMN O F B, Kk xRl
{8 ) F KR, 2L, 378 IndexError: list index out of range, A L)L 2 i {1
RO ANEBSA I A RN IR — 1T ERNET] 2 len(classmates)-1.

TR 50 2R WA AE

2.3.1 K4(append.insert.extend)

513 list & — DK E ARG TR 0T list P ahSHEBMoT R . A WFGE
. MEEINRHNRKEBFRMITE ., 5 —FEEIIRNIEEMVERMITE.

filn . ik 5 513 language=["python", "go". "java"]. BR7EAEIE C i
& A PHP B4 2 E 5 5 R AR .l append 54 extend.

i it append J7 5 [ F R A on R w L Bon R EIER A S R A A,
B 25108 H extend 7 ¥ ) 5 & vh 8 0B oo & B, 40 SR T F LR — 51 W SR
W izA R oT R LR mBE JE G5 Rh, B AR R Z A, I E 2-6
i .

insert Jy %2 ESREMRTIMEL, HEMEA B TR, I B RFFH TR B
2, BEMEWE 2-7 k.



In [8]:

OQut[8]:

In [9]:

Out[9]:

In [10]:

Out [10] :

B [EL]

Qut[11]:

In [12]:

Out[12]:

I%ZE PythonZ BB AR (25

language = [“python”, “go”, "java”]
language. append(“¢”)

language. append ("php”)

language

[’ python’, "go’, 'java', ’'¢’, ’php’]
language = ["python”, “go”, "java”]

language. append ([“¢”, “php”])
language

[’ python’, "go’, "java’, ['c¢’, 'php’ ]]
language = [“pvthon”, “go”, "java”]

language. extend ([“c¢”, “php”])
language

[.!' p:,Ftth] , 3 gﬂj , - ljﬂ"urﬂ, , ) c] , 3 php? ]

& 2-6 append Fl extend FH i 7 Bl

language = [“python”, “go”, "java”]
language. insert(1, “c¢”)
language

[’ python’, ’¢’, "go’, ’ java']
language = [“python”, “go”, "java”]

language. insert(1, [“c¢”, “php”])
language

[! pythﬂn’ , [? C? , 3 php!‘ 1} ¥ gﬂj , ¥ javaj ]

E 2-7 insert FH ¥l

2.3.2 f#flCpop.remove.del)

F o A BR 5 AT 3 B 58— R R MBI R K EMBRITE . T H popOJ5
s B AR BRTE E R TILERITTER T pop O, WAl dels 5 = 72 M B
5 P A E TT R WE . vl H removeO 3k, RSN R P iZm ZEA 24>, WM BR 5
— A UCFE A E , AL R AR . BARR H ki 2-8 s .

2.3.3 X.%&

I RPHIERNE , SeB RN TTRH N RGIALE AR5 B 555 ="t 17 W

Frig R A4k, SCbr Bl A B — 1 E R T R B BAFE THI R, HHE K
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In [13]:

OQut[13]:

In [14]:

Out[14]:

In [15]:

In [16]:

Out[16]:

In: [17]:

Out[17]:

In [18]:

OQut[18]:

language = ["python”, “gzo’,
language. pop ()

language

[’ python’, "go’, ’ java’]
language = ["python”, “go”,
language. pop (1)

language

[’ python’, ’java', "¢’ ]
language = [“pvthon”, "go”,

del languagel[l]

language

[’ python’

language
language
language

[" python’

language
language
language

[’ python

] - » L} r
3 Java , c ]

= ["pvthon”, “go”,

.remove(“ga”)

¥ * » ¥ r
5 Java , C

= ["pvthon”, “go”,

# a o
.remove (" java’)

?r ,Eg’j Jcl’ JE_G'F]

“Jjava’, ¢ ]

“Jjava”, "¢”]

L -~ o L.
java®, “e¢”]

- -~ J\f' ”
Java , C

Ig{)}]

L Fd L 4
java , © ,

MEGH]

Mgc“#]

El 2-8 popQ) .remove() .del H#: 7 il

languagel[l] = "php”
language

language = [“python”,

g0 ,

java ,

[ python’, 'php’, ’java’, 'c¢’]

B 2-9 3R A S HFRAE R B

A . in.not in.index Fl count, B HEWE 2-8 s,

xR 28 JRMERIERZERG

TiiEA R X

il

?

n

FIWT U R B &AL T o RA, 7778 N GE [

True, A fF7E N 3R [B] False

B e S

True

B

False

>>>"c" In language

>>>"php" in language

>>> language=["python", "go", "java",

m"no_n

c

]

not in

HIBL R R EAFE T RS, AFEER

Bl True,f77E M & [8] False

False

L | |

e e

True

php" not in language

>>>"c¢" not in language

>>> language=/["python", "go", "java",

"no_n

C

]




I%Z% Python#dis KB f AR (27 )

B3R

TiEB RE X

/I

index

5ZMHEH index HEEHERF BB TERE
FHETH FH 4776 N [ % 0 % 75 51 3+
BRI B, AFF7E N BB

>>> language=["python", "go", "java", "c"]
>>>> language. index("c")

3

>>> language. index("¢", 1, 3)

ValueError: 'c'is not in list

count
34 B 7E 28 7 51) 22 o i B 9 v 8, 77 7 T3 [
WO, A A7 7E MR 3] 0

>>> language=|["python", "go", "java", "c¢", "go"]
>>> language. count("go")

2

>>> language. count("php")

0

S P A, M ARG BT 5 RZoT R . ERR RN B, JF B3k
H e — IR R R G PR K M ZE 1.

1. EFHRSIERATE

WRER G — DR BR TR RTILE S, B0 DL — 1 MR 5] J R
B — A IJu R LIS HE, v LR BUEI S8 2 A R 3 4. BRBRAEmE 2-10

B .

In [19]:  language = [“python”, “go”, "java”, “¢”]

language[1]

Out[19]: ’'go’

In [20]: | language = [“python”, “"go”, "java®, “c”]

language[—1]

Out[20]: ’¢’

In [21]: | language = [“python”, “go”, “java”, “c¢”]

language[—2]

OQut[21]: ’ java’

In [22]: | language = [“python”, “"go”, "java”, “c¢”]

language[—3]

out[22]: ’go

B 2-10 FERARFIERIIRITE

FERLIIE list P ITE T LR —

THLZ ) PRI IT R Wa] DLE T

IR X EERSIRIRE. % T
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n n n m_mn

>>> language = [ "python", "go", ["php", "scala"], "java", "c"]

>>> len( language)
5

FHF B language R 5 N0 & H b language[ 2 ] & — list, I RFH S5 E
o T . Bk, EARRET RSN,

p = ["php", "scala"]

language: ["python", go , P, “java r c ]

FREAE "php" . I LAE pl0]5# language[ 2 ][0 ], A It language 7] DA & A& —
AN TR R =4 RSB BT R P IR SRR =4 K
DI E AR .

2. ERAVIRAESE

X — Rl HFARNTTRHEM., KU REER.: (Bl &8 PK]. £
DX 6] J& 2 P A JF BY X [E] . B DA &5 07 I 85, 3 “ 45 370 B9 i — D2 45 R O AL 3 45
RALAEY) X W BN B b R i S T B KPR, W] LAFR AR N start <=i<end,

#l4n : language=["python", "go", "php", "scala", "java", "c" |, W] K V5 A]
FI| KBl an R 2-9 s .

® 29 YIRnpES R RB

51| %= V) ik F X

language[0: 3]=[ 'python', 'go', 'php'] BUF#r 0~2 BIILHE

language[ 0: 5]=["python', 'go', 'php', 'scala’, 'java'] BF#s 0~4 BT E

language[3: 5]=/["'scala', 'java'] BT AR 3.4 IC &

language[2: ]=['php', 'scala’, 'java's 'c'] BTk 2 FHRBIREHITE
language[1: —1]=['go’s 'php’', 'scala’, 'java'] mﬂjﬁ% L Brandliai e Tl

L3
ongunel ¢ + 1= C'phon's ‘s, o] o

MTFHR 5 R8I TR 2 37,808 2

language[5: 1: —2]=["'c'y 'scala'] S T
1} Ly )




| 328 Python¥iE KB ME VR (29)
\—O

2.3.4  AIFMHG 0

MREERINENIA TR, WTHEXNH RHITIERBE . LT 2P E WL
IEEINTERCIES B7
(1) 14 H for T8 ¥

n LU LU n L] m_ " n cll‘ ]

languages = [ "python", "go", "php", "scala", "java",
for language in languages:
print( language)

(2) 1 H while 1 ¥

n " " n " n_ " n_m

languages = [ "python", "go", "php", "scala", "java", "c"]
length = len(languages)

i=20

while i < length:
print(languages[i])
1 += 1

2.3.5 HEJ¥ (sort.reverse)

sort HiEFEH list #2455 & 07 F=pHED . HEFF A N ERIA M /DB K. S8 reverse=
True , 7T CH I, R BI/INHETE .
reverse Jj & Al L H¥F list hErARITT R T &

swsa = [1, 4, 2, 3]

>>> a, reverse( )

>>>a

[3, 2, 4, 1]

>>>a. sort( )

>>>a

[1, 2, 3, 4]

>>> a. sort(reverse = True)
>>>a

[4, 3, 2, 1]

2.3.6 A AR

FIRXS M RIERF S FASEMEM. Bl TR sdE. +5HTHE5)
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(130) Python#lgs ¥ 3 —HIE /T S50 FEZ (IR |

. XESHTEESER, HEAKHZEWNE 2-10 Fixn,

*x2-10 + XiEERG

x® & K o &R W R
[1,2,3]+[4,5,6] [1,2,3,4,5,6] R R PR A G RE
[“p}’th(}n”:lx 3 I:“pj.fth{)ﬂﬂg “p}fth{]ﬂﬂa “p}?'thDIl”] EE
1an]1,.2.3] True HIW TR R SFETIIERF
fﬂriin‘[19‘253:|: 123 E{‘t

print(i)
2.4 K5 set

TEFBUEr g B 22 D BIE S WS .. TR 45 S5 br BBl “ 5 E 1Y
—MERVE”, EEHN R, METR. H—1Z 18 5E /7T R Fr i s B fx
EES. & o 2ES A BWITE, WHEE €A,

EEPHITREA 3 MFIE.

(1) W5 M (B A Yot R B A2 50 E 1D .

(2) BERMUESTHITELAMEED ., . £45 A={1,a}. W o« FEEHFT 1.

(3 EFHESTHITERALEZD)  WEF{3, 4, 5} {3, 5, 4} FAER
— P RG .

fE Python . EFHRELM . H setOFR WA LIFEHKFES{ I RERES,
Hrp oo R W2 XWrEn . HTESRRE RS E Y ESHHLEED, TH
] B A LR

[FE]

HTFTREGALALFAN(ESPHAFTEIAAR) . ALTAS—AK T LT L
gl kBl setOZ G ., hAKETLHTERERK,

2.4.1 Qs

S, H set OBPA, 0 var = set([1, 3, 5, 6, 4, 2, ME 2-11
Ff 7 .
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In [23]: | var = set{[1, 3,5, 6, 4,2])
var

out[23]1: {1, 2, 3, 4, b, 6}

In [24]: | for 1 in var:
print (i)

o0 U = W

E 2-11 &% 4R 5

HE 2-11 AT EFEH . ESHNIPLE EEEMN T E#TTHRE. IRA.E£5 PR
AR EAFRIZERP T ER? BAmE 2-12 K 2-13 F1H 2-14 Fizs.

In. [271:

In [25]: |ivar—= 11, d 53 e 0 8,6 £.4 b, 8
vVar

Oout[25]: {1, 2, 3, 'f, 5, 6 4, 'a’, 'b, ¢, 'd}

In [26]: | for i in var:
print (i)

L0 OR O WD

Bl 2-12 &5 aE 8N FA R f

var = {1, 3,5, 6,4, 2, {12}}

var
TypeError Traceback (most recent call last)
{ipython-input-27-f5912640a9c1> in <module>()

———> 1 var = {1,3,5,6, 4,2, {12}}

2 var

TypeError: unhashable type: ’set

A 2-13 BG4 B AU SR B

H AT DA S MSR A B U 3R R B R 6 5 5l & 51 3R, W = 4k TypeError # ik
SRR S B R R AN A A R A9 T 2K DA 2R 4R 5 O B 45 R A 2 R T HERE
IR 2 AU R TTH A F 38— € 2 HEF 7 BRI 2-15 frs .



(32 ) Python#l28 5 3 —HUR T S 2 FRR (IR I
O

In [28]: | var = {1,3,5,6,4, 2, [12, 341}

var
TypeError Traceback (most recent call last)
{ipython—-input-28-5b774cfbc444> in <module ()

———> 1 var = {1,3,5,6,4, 2, [12, 34]]

Z var

TypeError: unhashable type: 'list’

Bl 2-14 & a8 R R G

In [29]: |war = {Td","a", L7, e, "e", Td"}
UL”:':EQ]: {-‘la!, ’C,, :ld:’ le:’ :f,}

In [30]:  for i in var:
print (i)

o P o R o I T4

B 2-15 & PFrEHEF A6
af UL ISR AR S TR 2R T A AL IR A S PR b R 45 RO AT AT HERE
BZ A ] DURCA W) 26 B i oo 3 L {8 2 A7 i r9 oo R 2 ORE D B fE &Y An 7 £
B CARRER SRR G20, 2R JT K AR 2 B Y, 0 0 26 A48 B A i 45 R
AMWPNBEIRFFIRRIER; MBATERBEFH Y BHRZERAOMBERIFA S
THEF; WRTHBEARER A AR, WEREENEHESEROUASES
A .

2.4.2 AN M

MREMESTHRMITE, WA addO KRB, EE K addO = Fl A 2-16
Fir 7 .
In [31]: | names = {"Jack”, "David”, “Rose”}

names. add (" Jone™)
print (names)

{’David’, ’Jone’, 'Rose’, ’Jack’}

F 2-16 £ &M addOx#i



|%2$ Python#1#E 2 A AR (33
-0

MR EREIMEEES T —I0 K, vl P popO F i 102 2 Br 48 € 19 T
Z, 0] LI removeO)FN discard O H . 1HY remove ) 7 i3 A B 48 F #) 7T & B,
AR EE s Y discardO) FIERARFE EWNITTREM . FFA s . E 2-17 . & 2-18 #

In [32]: | names = {"David”, "Jack”, "Jone”, "Rose”}
result = names. pop()
print(result)

David

& 2-17 & # popO =il

In [33]: | names = {"David”, "Jack”, "Jone”, "Rose”}
names. remove (" Jack”)
names

Out[33]: {'David’, ’'Jone', ’Rose’}

In [34]: | names = {"David”, "Jack”, “Jone”, “Rose”}
names. remove (" Jack1l”™)

names
KeyError Traceback (most recent call last)
{ipython—input—34-16d1bfbled44> in <module>()

1 names = {"David”, "Jack”, "Jone”, "Rose”}
~——=> 2 names. remove (" Jackl”)
3 names

KeyError: ’ Jackl’

A 2-18 £ 45K remove) R

In [35]: names = {"David”, “Jack”, "Jone”, "Rose”}
names. discard (" Jack”)
names

0ut[35]: {'David’, ’Jone’, ’Rose’)
In [36]: names = {"David”, “Jack®”, "Jone”, “Rose”}

names. discard (" Jackl”)
names

Out[36]: {'David’, ’'Jack’, 'Jone’, ’Rose’}

K 2-19 #£51 discard O 7~

2.4.3 BEAMZE IF APEDE

R EEAE IFE LT E, 4 Python 2 & SCFF XK I
£ ANEFRER? B IF AFHEME 2-11 Fixn, R0 JF b #
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VE A~ 1 & 2-20 Fras .

K211 HEENTHNDERE

G Python 5 M N & 7 & ] X
—H\ — 8% difference() ZH
N & &% intersection() AL
U | 8% unionO) HE .8
+ 1= T
- —= 57
S in R R R
& not in AR KR

In [37]: | namesl = {"David”, “Jack”, “Jone”, "Rose”}
names? = {"Tom”, “Lily", “Rose”}
namesl. difference (names2)

Out[37]: {' David’, ’Jack’, ’Jone’}

(W]

In [38]: namesl = {"David”, "Jack”, “Jone”, “Rose”}
names2 = {"Tom”, “Lily”, “Rose”}
namesl. union (names?2)

Out[38]: { David’, ’Jack’, ’Jone’, 'Lily’, ’"Rose’, 'Tom’}
In [39]: | namesl = {"David”, "Jack”, “Jone”, "Rose”}

names? = {"Tom”, "Lily”, "Rose”}
namesl. intersection (names?2)

Out[39]: { Rose’}

& 2-20 £EEMESH MR ER B

2.5 I H dictionary

£ Python th, FH#H KIES{ | RRAFHRGELERF, FHRK{ ) BRS04
BER X R A TS B AT EA M, 7 & T 2t PR 4L,
RS FE L A8 FREEE X (key-value) . BEANEEME X key=> value HE 5% "3, 84
X Z B HIES 708, HiEEslm T .

d = {keyl : valuel, key2 : value2 , *++=*- }
[(FE]

(1) Fioyd—BAE—0, R FRGPBRAEFTL . NRE—NRETHLH
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B mesiis, FREEAETARNHE THA A 2-21 FrF.

In [40]: |diet = {"a": 1, B’z 2, "B : 23%}
dict["b”]

Out[40]: '3

In [41]: | dict
Out[41]: {"a’: 1, b’ : '3}

& 2-21 FHMEFEEEMNE LR
) FHOGBETUBRAEMBEBEER , 2B LAARTEER, R F . FHP
Fe LA 2R R A RAEAF R, FRHEXLH ARG T B 2-22 FFw,

In [42]: | dict = {[Mname”]: “Tom®™, “b": 2, “b": "3}
dict

TypeError Traceback (most recent call last)

{ipython—input-42-afc6b08f35b6> in <module> ()

———> 1 dict = {["name”]: “Tom”, “b": 2, "b":
2 dict

13!}

TypeError: unhashable type: ’list’

B 2-22 3B I RS ) 7 B

2.5.1 P AR

7 S A SRAB R I — AN ou 3, IR 2 HUy 2R 7 i 5 L mt mT LU ] 381 X
R . flan. TR AEEB ARG T AR A2 el AR NS, Tl
HY A k2R 1 s Bl an A 2-23 PIros

o

In [43]: | stu_info = {"name”: "Tom”, “id": 100, “"sex”: "male”, "address”: "China”}
print (stu_info[ "name”])
print (stu_info["1d"])

Tom
100

B 2-23 FHEERBEERDG
XA 1 name  id A8 2 7 M B EATIAAME 7 XD s, SR,
] DL v ) ik SRS B
ISR AR ) BN A AE L e 0L AR AR ) stu_info TP AR Y age AN N 1) BOE L 15 )
HIZ5 R 2 AW ? F M rp A A7 XS N 8 A P AE 7 Bl a0 & 2-24 B
TEA 4RI age ), stu_info W I AT 776 age MXRLAIME . A R MA.

—O
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In [44]: | print(stu_info["age”])

KeyError Traceback (most recent call last)
{ipython—input-44-3c4elcabebeb> in <module> ()
———> 1 print (stu_info["age”])

KeyError: ’age’
B 2-24 4L AR ORFF A X O B BY 48 4 s 1)

i%f5 B 4. KeyError: 'age', Bi#£/R stu_info T IFEH age XHE., H[AWERL —1
T R I SN (R SRR AR BN R B9 fE L o] DA A get O 5 i, [R) B ag w) A
WEIRBEEAE., FHE getO FERGIMWAE 2-25 Fins.

In [45]: print(stu_info. get("age”))

None

In [46]: print(stu_info. get ("age”, 15))

15
Kl 2-25 FHEY getO 5 B

N stu_info P AFELE age XANEE, W] get O F IR M None, 25 getO) FEL A
—ERNE 16, HAFAEX AN, R B 23RN {E 15,

2.5.2 FHE R

fEAr kT R LA BT DI S R AT IR s e, 2 A 4R 9 A AR I i
AR A 'key'] = value B9J7 30, 3P ERM TR T B SHRE. HEROEAHF
e, i AR R4 [ key' ] = value 8975 20, W LUK IZ key FUXE R A value @5 3] 7 i
o FHAERERGINE 2-26 B

In [47]: | stu_info = {"name”: “"Tom”, "id”: 100, "sex”: "male”, "address”: “"China”}
print (stu_info)
stu_infol"age”] = 18
print (stu_info)

{'name’ : 'Tom’, "id’ : 100, ’sex’: 'male’, 'address’: 'China’}
{’name’ : 'Tom’, ’id’ : 100, ’sex’ : 'male’, ’address’: 'China’, ’age’: 18}

K 2-26 3 B3 B4R R 1)

TN TR PRI E T LB A . B EGE T key 3,50 0T DI, 5
1 AR~ Bl an & 2-27 Bz .
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0

In [48]: | stu_info = {"name”: "Tom”, "id”: 100, “sex”: "male”, "address”: "China”}
print (stu_info)
stu_info["address”] = "England”
print(stu_info)

{name’ : Tom', "id : 100, ’sex’: 'male’, 'address’: ’China’}
{’name’ : 'Tom’, ’id’ : 100, ’sex’ : 'male’, ’address’: ’England’}

B 2-27 3 EISURAE R

2.5.3 iy R 1R

G SR AR M B i P Y ST AR T AR A delxpop()ﬁ clear() . del T M Br 5 &
T 2R L A ] HH 1 M BR A L pop O FH 1 M Bk 48 7€ T8 % .+ clear O H T M BR % 4~
., FHAY del FRAERBIUANE 2-28 Fiow .

In [49]: | stu_info = {"name”: "Tom”, “id”: 100, "sex”: "male”, "address”: “China”}
print (stu_info)
del stu_info! "sex”]
print (stu_info)

(" name’ : 'Tom’, “id’ : 100, ’sex’ : "male’, ’address’ : 'China’}
{"name’ : "Tom’, ’id’ : 100, ’address’ : 'China’}
B 2-28 FHLAY del #1E R B

del B 1T o] LA BR 46 € 19T 3R Z Fb i Al DU B B 57 i, del M B 8 > 7 Bl 45
YEAR Bl anE 2-29 fros .

In [50]: | stu_info = {"name”: "Tom”, "id": 100, “"sex”: "male”, “address”: “China”}
print (stu_info)
del stu_info
print (stu_info)

{"name’ : "Tom’, ’'id’ : 100, ’sex’ : 'male’, 'address’: 'China’}
NameError Traceback (most recent call last)
{ipython—-input-50-68e2b1254419> in <module> ()

2 print(stu_info)
3 del stu_info
-———>» 4 print (stu_info)

NameError: name ’stu_info’ is not defined
[l 2-29  del M BR B 5 SR 35 4E R 1

popO H T MBRIE E L E . IR EA A, MM s KeyError., 811 pop O e fE

A~ 2-30 Frs .
clearO) FH T BB Z 8, 5 del AN clear() H 2 M B o7 80 B3 8 (G X . 45 3 1Y
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In [51]: | stu_info = {"name”: "Tom”, "id": 100, “sex”: "male”, "address”: "China”}
print(stu_info)
stu_info. pop (" sex” )
print (stu_info)
{"name’ : 'Tom’, ’id’: 100, ’sex’ : 'male’, ’address’: ’China’}
{"name’ : 'Tom’, 'id’ : 100, ’address’ : ’'China’}
In [52]: | stu info = {"name”: "Tom”, "id": 100, "sex”: "male”, "address”: “China”}
print (stu_info)
stu_info. pop(“age”)
print (stu_info)
{"name’ : 'Tom’, ’'id’: 100, ’sex’ : 'male’, ’address’: 'China’}
KeyError Traceback (most recent call last)
{ipython—input—-52-fb853e565135> in <module ()
1 stu_info = {"name”: “"Tom”, "id": 100, "sex”: "male”, "address”: "China”}

2 print (stu_info)
———> 3 stu_info. pop("age”)
4 print (stu_info)

KeyError: ’age’

E 2-30 FHH popO#AER B

ZiRe— a7 M, del WZMBR 78T HEEH, LKL T —A ., clear O 248

HHEP A N EMER . BIRA A T 25 H 5t

GAHR B RESHETE; del MR 2K T

XA BB RE B ATTFE . FHA del # clear O X L@ a0 &l 2-31 Fias .

In [53]: | stu_info = {"name”; “"Tom”, “id”: 100, “sex”: "male”, “address”:
print (stu_info)
stu_info. clear ()
print (stu_info)
{"name’ : "Tom’, ’id’ : 100, ’sex’ : 'male’, ’address’: 'China’}
{}
B 2-31 MY del 1 clearO) Xt s il

2.5.4 UL E R T ik

“China”}

B T bR A 21 0 5 B0 38 I A SEARAE , T LA ik T — S H A A O i R LY
W R 7 s Bl BAR G 3k 2-12 B
& 2-12 FHEPANHKFERG
Tk Bod X il =

lentd >>> stu_info = {'name'; 'Tom’', 'id'; 100}

eIl

A >>> len(stu_info)

1R [ 5 i v S 0 A9 %K ’
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)
gk
FEakag X il F
B ds >>>stu_info = {'name': 'Tom', "id': 100}
evs )
S A2 g b R key 93135 =>> stu_info. keys()
[ 'name’, 'id']
. >>> stu_info = {'name': 'Tom', 'id': 100}
values
>>> stu_info. values()
W u l l -
B 1 JUFT A value M5 S
) O >>> stu_info = { 'name': 'Tom', 'id': 100}
1tems
>>> stu_info. items()
B | — ARV RBEHITREE (B (E Td i
® fE [('name’', 'Tom"), ('id', 100)]
o Bl >>> stu_info = {'name': 'Tom', 'id': 100}
as_key(key _
S st fo. has key("' !
4 525 i 1 45 o 5 7 46 E B9 ke 58 [ Trues f L Juio-han Key L e
I
NG H False, (JJ7¥7E Python3 shE gl |
%) >>> stu_info. has_key('age')
i False
>>> stu_info = {'nmame'; '"Tom', 'id'; 100}
in >>>'name’ in stu_info
MEFHMAEP EZH I ER key, & [B] True, | True
75 & [A] False, (Python2.3 #7] LAE D >>>'age' in stu_info
False

2.5.5 Ay

00 5 i B G 7 LAk AR L A5 B T 2 0 4R VR I I A A SR A i L IR 4k T DL
H collections i, F B OrderedDict J5 ¥,
MFEHMERN, ESTREB T ZWREMBG T #IT. AFFH
OrderedDict #3740 & 2-32 B,

In [54]:

from collections import OrderedDict

od = OrderedDict()

od["first”] = 1

od[“second”] = 2

od["third”] = 3

for key,value in od.items():
print (key, value)

first 1

second 2
third 3

& 2-32 ARFF M OrderedDict 18 Fi 7~ il
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TCZ A B Sk HE S B B9 2 B . 58 — AN B T8 3R 000 L A B R A OR B L X
C 7 1 1) B ARSI WAL A 2 0028 B 1) Y

71l class OrderedDict(dict):

T 'Dictionary that remembers insertion order’

1 # An inherited dict maps keys to values.

14 # The inherited dict provides getitem , len , contains , and get.
715 # The remaining methods are order-aware.

16 # Big-0 running times for all methods are the same as regular dictionaries.
17

78 # The internal self. map dict maps keys to links in a doubly linked list.
s # The circular doubly linked list starts and ends with a sentinel element.
80 # The sentinel element never gets deleted (this simplifies the algorithm).
81 # The sentinel is in self. hardroot with a weakref proxy in self. root.
g2 # The prev links are weakref proxies (to prevent circular rcferences}

83 # Individual links are kept alive by the hard reference in self. map.

84 # Those hard references disappear when a key is deleted from an OrderedDict.
B5

Pl 2-33 OrderedDict B i 71 i BA
i TR A T a1 5§ 3%, OrderedDict B R /N8 7 WA A% 2, I, 7R A 20
H— W B R i OrderedDict S5 0 %5048 25 $9 B . 15 5% 75 22 40 W 35 i o) N A7 T 8 02 &
R AR5 P 2 B A OrderedDict,
TECPRIT R B HAE & A RER R AN, 88 - HRZ e, R EEW
E5 2 E BSR4k .

2.6 £

W
h ]

HEREDP AR EFIENKE cMTEEL KRB K FIEMTEA S=ab. 7 Python
o R B S RS PR B A S T return i) R0 E SEPR EBEAH 5T R B A

£ Python "', & X BRE ) IE W B s .

def REA (ASK 1, WASE 2, )

pR H ik
return iR [0] 45 H

be AR sk AN TR 5 AR A BRI BT LS R

def cal area(length, width):
s = length * width

return s
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- '

TEE LR, /D ES TS T RIS RZ NYIEST . e E F R 8,

RN Ve @R 3T

HERBNSEIRZ N IE,

PR A SR . EFEEFEFE . ZREATATFESE WREFE.HFEZILD

Z8? ZRETEATERNE? BE

i ] JLA~ 3 [al A 7

P X e, n] LA R Bl 4 PP AN 03k 2-13 B,

FT2-13 RER 4 PR

PR % 25 A

%

O ESH, TEE A Y e &L

HERRE, AEEESH . LRAREE, —
B OL T, 3T B3R 7~ 2R B9 Zh g, w] ff X 2K
PR X

def printHello():
print ("KM KA )5 ')
print (¥l FHEMRH")

@ ESE LA B [EE A R %K

I BRI R, A RE 42 W S B, H 2 AT BLAR [r] R A
i, —MEOLT, R EXHE, 7T X3
PRI XX

def getTemperature():

return 24

© B ZH, Tk 1A {H 1 oR 5K

I 2K BRI B, BE 3 W S B, RN R [ BRHE
BOLT , ek B E A T X 28 B A7 WA, W
B A setO pREL

def setData(num) :

self.num = num

@ B S8 H R A {E 5 eR 5

1 258 BRI AS (S RE B2 W 2 B & AT R [ B A 5
. —MAROLF W TR B H RS RAY
JE T » AT X 2 R %K

def calculateNum(num) :
result = 0
i=1
while i <= num:
result = result + i
1+=1
return result

PR sl R 50— 2E R BCE B T AT ERCHS I s R iR (R B Sr, T

IF &% A G AT AR BE R . A% Bk X AC 6 a3k

et 5 38 i B 2 T 2R B

B - BCH UL Y RO get J7 Tk B —RRRERE B H T3 A 2 i W AY bR 208 =
set Jr ks 5 U R RO B A, 7 AL BB B9 R v, T R NOE 4L 9ok B9 B B AT 4

X H R AT A BG  BOR Ak PR S HY 45 0R FHR

7 Hi 2% . DA R 22/ 1R 1E
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2.7 ING

ARHEFEE T W WH) Python BU9E R85 FH 2% DL R pRZ0RHY 4 R AT, 78 5 b
R . vl LU G AR TR, Ok A5 B 2 A IR = B9 S5 BE 05 5. i B W)l 1Y) B ek, &2
A%, 2o P2, et b, A p a B2 A B A EE R T
HE &I R & ECE S =7 . o] LR B DA 0 B 89, T4 i TAERE.



Python |15k H

Python & —F UK R H = X BRI F . A “BOKIEF"Z . HiHi.Python K
AREWE AT 2, RS RIEERER R mfE  MEER N T & HE. Web
& FRouie g K iR B S . 3035 T, Python B g b H Tl
a7~ AN T8 GE 7 1 .

3.1 Python &£ MySQL £ #E =

MySQL 0 B & A b 5 % FH 0 8508 R 2 — . T My SQL 4% J
i I RE 2 select ), B8 78 A S & B 0] LA Python H
24 MySQL B 98 5 2 HUEURE 3 pandas HEZE

BP0 & R0 MySQL B4l 2 . % 3 25 BRE WL 5% B, SR 5 &% pymysql. % %% 15 A
4 : pip install pymysql, Z22E 53X 4~ LG . 7€ Jupyter Notebook i F DL T fCH5

import pandas as pd

import pymysqgl

conn = pymysql.connect(
host = 'F#l IP',



_f_ 44') Python#l38 5 —HEMT ST A FEEBOER) |

user = 'HHP 4",
password = '"%§5 ',
db = "BEES ",
port =¥gH,
charset = 'utf8')
table = "select...from..."

T table Bl 2% mysql e E MBI R, RJ5 H F A, 50 nl Ll H B4
PR pandas fEZR P 1, BHE 52X 3] pandas #EZE J5 , 36 ] L {#F FH pandas Y& W,
Th BE X £ vE 17 AR B, e SR st 2 4 A o BodE 45

data = pd.read sqgl(table, conn)

It

3.2 Python &£ MongoDB £ 7

MongoDB $# 7 th & A b % F i $di8 ) 2 — . MongoDB %
e — A TR R B R AR G R B R Z | 5L R AR X R AL
e e R DI RE B I AR OC R B R B —Fh B T

FEXT T+ MySQL 4k &  MongoDB $4% 2 B A5 Al 4r i A #5. [ A 3, Python 7]
Pl H #3% # MongoDB 48 JF , - R 5048 S HUF pandas HEZE . R TRIE WHE % C.

B JC % % pymongo, & % 15 H] A pip install pymongo., % %20 %1 W& F,
%% pymongo Ji Sl FEIE .

import pandas as pd

from pymongo import MongoClient

client = MongoClient('F #| IP', port = ¥i 1)
db = client. {8 FE 44

db. authenticate('HHFP &', '"BiE"')

table = db. %4

5 MySQL $¥# JE —# . BT table 82 % MongoDB J& # I B9 % . AR5 fil
P PO 3 T B B 4 R i IR B pandas AE 42 T, 0o find 45 5 LA 1L A0 A
MongoDB 4 A il i #) .

data = pd.DataFrame(list(table.find()))
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3.3 FZBEpiREMiEEE

Python A] DAIAbFH SCAR B di . % WA NLTK AR EFTLHHET
HA LSTM KEHicfZ Mg (Hix s T B3t A F#RH T 4b B 3
. XEANATHALEHATOES A3 T B4 jieba,

T L Mac & 58 0 B JEf# jieba F1 wordcloud A9 %35 ik, 361 A] M . pip
install jieba, pip install wordcloud, S XM F FE = RLELE,

A1 DL 28T 2y /N K e N ER ) R 1] 3 f# jieba F1 word cloud B9 .

import pandas as pd
import os
os.chdir('../data"')
character = open( 'K /\# AY)F. txt', encoding= 'utf - 8'). read()
ISR
import re
data = re.split(r'\s+ |: |, ', character)
data = pd.DataFrame(data, columns=[ ' 4 '])
data] '"#H '] = 'nr'
data. to _excel ('K I /\ & A ¥ 4ria) . x1sx', index = False, header = None)
A B € SCIEEE
import jieba
jieba.enable parallel(4)
jieba. load userdict( 'K IE/\FP A Pial . txt')
R AR
stopwords = [line.rstrip() for line in open( '{& H]ia] . txt', encoding = 'utf —8"')]
'""'jieba 43iA] '
def seg sentence(sentence):

sentence seged = jieba.cut(sentence. strip())

outstr = "

for word in sentence seged:

if word not in stopwords:
if word != '\t':
outstr += word
outstr +=""

return outstr
inputs = open(' X /\#.txt', 'r', encoding= 'GB18030')
outputs = open( 'K /\F4ria. txt', 'w', encoding= 'utf —8')



jf,._ 46 ) Python#llgs 23— HUIR T 5T 9 FEE RO KR) I

for line in inputs:
line seg = seg sentence(line)
outputs.write(line seg + '\n')
outputs. close()

inputs. close()

il e S BT LLSEAT XA i 10 e E 1A Ja B9 txt SCAR

text = open('XK ¥ /\#4rid). txt', encoding= '"utf —8').read()

SR G 48 7 Wl , IR HOCOCER ], R ATEP HE i TF-1IDF A 1A H A9 A E & KAV ET 10
AP 2R WA 3-1 s,

‘UIEEENE, REKEE: TF-IDF' '
import jieba.analyse

=100 #15E A Wi il
result=jieba.analyse.extract_tags(text, topK=n, withWeight=True, allowPOS=('nr',))

result[:10] #HTEIGT1 0 MR EENAY

c [('ER#E', 0.5891293630142107),
'‘RlE', 0.4638848540025745),
'FRIE', 0.3369411093846939),
'WEE', 0.2771830168385107),
'FigME', 0.26712617741403344),
'HIN', 0.23669144784504287),
'ERIE%¥', 0.22647654172059356),
'F%', 0.21979838728524273),
'‘RWEiE', 0.21805626004123815),

(
(
(
(
(
(
(
(
(
("PEEEER', 0.1742127244004566)]

’ 3-1 TF-IDF it 5 th B9 E B KB ET 10 A

B G P <3 : 4

keywords = dict()

for i in result:

keywords[i[0]] = i[1]

REERE

from PIL import Image

import numpy as np

from wordcloud import WordCloud, ImageColorGenerator

import matplotlib. pyplot as plt

image = Image.open('[& H . jpeg')

graph = np.array(image)

wc = WordCloud(font path= '/Library/Fonts/Songti.ttc', #iXEBEF&E
background color = 'White', FiREETREIA
max_words = n, £ 1% B[ = s 59 8 KR 5
mask = graph) BT R
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G AR E 3-2 Fis,

In [41]: | ''"&EEAE" "
wc.generate from frequencies(keywords)
plt.imshow(wc)
image_color = ImageColorGenerator(graph)
plt.imshow(wc.recolor(color func=image color))
plt.axis("off")
plt.show()
wc.to_file('1dZ.3pg’)

K fHca RS mToe 3 >
£ ﬂﬂ*?x"ﬂi

L E i .
e ; Il v - *ih’f‘:m‘ L’;Mla #Pk
=g S Dpk

ﬂ"” B

At -nl-zg‘:,!::?é o] Wi .ﬁ.z i Huid i Iﬁ
ﬁ'N ‘“‘"‘E
:iﬁ J{I‘:" Bl *--‘"‘i* ﬁ
FAe

i' ﬁ.
“f’fiﬁ#w‘ﬂ o &‘@M Wi

K 3-2 Wz A

3.4 BRI

H R, 1 38 W0 48 & R EE i A A 4 T T3R8 22—, TE X ) A 22 I 4%
3% — % Neodj & 8. Neodj B ATT S5 N B EA B 8 7 p it
TR N . KAERA 28 Python 155 A R S 4E 28 M 2%

import pandas as pd

datal = pd.read excel('#JE F X AZE.xlsx")
data2 = pd.read excel('fMEZTZ R RZRE. xlsx')
data3 = pd.read excel('JEMEZE KA. xlsx'")
datad = pd.read excel('J&/\M KX RZHE.xlsx")
data = pd.concat([datal, data2, data3, datad])

faj B 3E ) 2 B s R s L I 3-3 Fras

AL MG A 4 PEERE XL,
(D EhotE: — 17 M R ERL.
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In [5]: data.head()

Out[5]: Source  Target Weight
0 4EBE #%BLE 7
1 4EE gl 7
2 4®mE IMEZ 5
3 4HEI FEIE 6
4 BEAE Al 8

B 3-3 i B Ak 3 I 4% S 4R R s IR
(2) o PONERF Nl s EiEREN T R
(3) g PAERAFRER T A .
(4) M GUHEZ, - & R T BRI 19 BT BR , pangrank {HBOK .

import networkx as nx
graph = nx.from pandas dataframe(data, 'Source', 'Target', edge attr = [ 'Weight'])

BE RO BT R L R D R Dt HE S ol an ] 3-4L [ 3-5. &1 3-6 AE 3-7
B .

D, Y AEMNEPAEES

degree df = pd.DataFrame (columns=['EH.[LfE"])

degree df['EH '] = pd.Series(nx.degree centrality(graph))

degree df.sort values('E9.[:%', ascending=False)[:10].plot (kind="barh')
plt.show()

G . Ehd

I I T T I T T T

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

& 3-4 EHRoERAE
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o RLlE: HEeErh oY aRATaEER M sEEE
closeness df = pd.DataFrame (columns=["&EiiP44E"])
closeness df['&iFP[L1%'] = pd.Series(nx.closeness centrality(graph))

closeness df.sort wvalues (' Birpiatsr, ascending=False) [:10] .plot (kind="barh')

plt.show()

G RO

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Kl 3-5 i LHEERE

revepfepa it RBEETRRE#HN TS

betweenness df = pd.DataFrame (columns=[" FAfrafEr])

betweenness df [' PP 4%"] = pd.Series(nx.betweenness centrality(graph))
betweenness df.fillna {0, inplace=True)

betweenness:df .sort_values (' P/r9L:%", ascending=False) [:10].plot(kind="barh')

plt.show()

J7 R

0.0 0.1 0.2 0.3 0.4 0.5

K 3-6 oo tERRE

i h

-
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" R BRHERA A

pagerank df = pd.DataFrame {columns=['MT#H%"])

pagerank df['FmHZ'] = pd.Series(nx.pagerank (graph))

pagerank df.sort values('MiiiHE& "', ascending=False) [:10].plot(kind="barh')
plt.show()

N I i HER

A

C

0.000 0.025 0050 0.075 0100 0125 0150 0.175
& 3-7 ™ HES R
#1220 28 A AR AL ACAS a0 F

plt. figure(figsize = (20, 10))

node color = [graph.degree(v) for v in graph]

¥ OVYEBAHTANERE

node size = [5000 * nx.degree centrality(graph)[v] for v in graph]
£ T EBK/NH degree centrality $5E

edge width = [0.2 % graph[u][v][ 'Weight'] for u, v in graph. edges() ]
RS AL R E

pos = nx.spring layout(graph)

nx. draw networkx(graph, pos, node size = node size, node color = node color, alpha= 0.7,
with labels = False, width = edge width)

top = degree df.sort values('FH.[»{', ascending=False)[: 10]

¥ REZER toplo AY)

top = top. index.values. tolist()

labels = {role: role for role in top}

¥ Gl label, AEMERTIE IREA—F

nx.draw networkx labels(graph, pos, labels = labels, font size = 20)

£ B label
plt. show()

nx. write gexf(graph, 'FEH.L0HE. gexf')

FEAC W 25 ] AL 25 2L, AN 3-8 Pl
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1. 001

0. 75;

0.50

0. 251

0. 00

=0. 25;

-0.50

=0, 751

-1.00 -0.75 -0. 50 -0, 25 0. 00 0.25 0. 50 0.75 1. 00

K 3-8 FLZZ Mg AL S R R s

/M RIS T

k=3

klist = list(nx.k clique communities(graph,k))

print ("R XE: $d" % len(klist))

plt. figure(figsize = (20, 10))

nx. draw networkx(graph, pos = pos, nodelist = klist[0], node size = node size, node color
= 'r', alpha=0.7, with labels = False, width= edge width)

nx.draw_networkx(graph, pos = pos, nodelist = klist[1], node size = node size, node color
= 'y', alpha=0.7, with labels = False, width= edge width)

nx. draw_networkx labels(graph, pos, labels= labels, font size = 20)

plt. show()

fae /AR DCPR I AT AL 25 2R AN 3-9 B

0.21

0.01

-0.6 -0. 4 -0.2 0.0 0.2

Al 3-9  fm/hvet X AT AL 4L R A
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ERRISIEE =3, Bl — P FE X 2 3 4 S PRI AH % . i aX A A 1 P FE
X . 784 Rl UL, 41 DX s T S R VERTE

3.5 JSON f&#f

FEVEAT R 73 M sk A0 T P RO 280 mT 2 JSON A 2X
1. B4 JSON &4 We? JSON & JavaScript Object Notation HY 4f
5 e — e i B 5 B g 2, BOR Bl — R T M — R B A
B, T PAEEEC T A JSON SO ), i R T s

import json
with open( 'food. json', 'r') as f:
data = json. load(f)

e 4S5 A 3-10 i as .

In [34]: data[0]

Out[34]: {'description': 'Cheese, caraway',
'group’': 'Dairy and Egg Products’,
'id': 1008,
'manufacturer': '',
'‘nutrients': [{'description': 'Protein’,
‘group': 'Composition'’,
‘nnita’r g’
'value': 25.18},
{'description': 'Total lipid (fat)',
‘group’': 'Composition',
'units': 'g',
'value': 29.2},
{'description’': 'Carbohydrate, by differenc
‘group’': 'Composition’,
‘unita's 'g’,
‘'value': 3.06},
{'description': 'Ash', 'group': 'Other', 'u
{'description': 'Energy’,
‘group': 'Energy',

 3-10  food. json BHE il %6 B~ E

UL b2 S food. json BETI N ZS . 8 H . BAE B8 U218 pandas AR AEFR 1
HIAE B AL THWE 7

A %5 F B9 JSON S, af A = 3 A 5 > £ 8. description. group. id.
manufacturer # nutrients, H P HT 4 8 HE R F 5 5 . B nutrients B UE 2 —
NN N R P E ) E 5 —1 JSON 48 28 £ .
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W+ PR AR MA) 4 ) 38 (description. group.id 1 manufacturer) ,
H AP F#E nutrients N .

keys = ['id', 'description’, 'group’]
keys df = pd.DataFrame(data, columns = keys)
nutrients = []
for i in data:
temp = pd.DataFrame(i[ 'nutrients'])
temp[ 'id'] = i['id']
nutrients. append( temp)
nutrients = pd.concat(nutrients, ignore index = True)

A FRIMAE 3-11 .

In [36]: nutrients.head()

Out[36]: description group units value id
0 Protein Composition g 25.18 1008
1 Total lipid (fat) Composition g 29.20 1008

2 Carbohydrate, by difference Composition g 3.06 1008
3 Ash Other g 3.28 1008
4 Energy Energy kcal 376.00 1008

A 3-11 f##7 food. json F 1Y nutrients i #E

T T Ak PR 2 S — 25 1) JSON,

with open( 'report. json', 'r') as f:
data = qjson. load(f)

[iF=]
XA JSON LA B AL B Az B, P A R BAXAE R A =), R AR AR S AF =41,
P s BanE 3-12 s .

In [40]: data[O0]

Out[40]: {'create time': 1504088427000,

"1d s 1233,

'modify time': None,

'mongo_id': None,

'report data': '{"trip analysis":[{"called cnt":"620","talk ¢
led seconds":"58635","receive cnt":"0","date_distribution":["J
-03"]1,"detail":[{"called_cnt":"151","talk seconds":"29980", "t:
1","receive cnt":"0", "month":"2017-08","call cnt":"204", "unknc
{"called cnt":90,"talk seconds":14568,"talk cnt":186,"msg cnt'
7-07","call cnt":96,"unknown cnt":0,"send cnt":0,"call second:s

E 3-12 report. json ¥ i '8 E s B
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Q

.:"'\-)

3.6 OCR 3Z=iR 3

1A S @ BT report_data BLWY trip_analysis F Bt A 7 B .

trip analysis = []
for i in data:
strl = i[ 'report data’]
dictl = json. loads(strl)
temp = pd.DataFrame(dictl[ 'trip analysis'])
temp[ 'user id'] = i['user id']
trip analysis. append(tenmp)
trip _analysis = pd.concat(trip _analysis, ignore_index = True)

AR WMEAE 3-13 Fras .

In [43]: trip analysis.head(1)

Out[43]: call_cnt call_seconds called_cnt called_seconds date_distribution

[2017-08, 2017-

07, 2017-06,
0 847 66569 620 58635 2017-05, 2017-

04, ...

& 3-13  f##7 report. json [ trip_analysis £

SR RKEER —kwA XFHNERNE A . E 3-14 B,
B B IRl B OSCE . W 3-15 P

aow a pEpng

BCEI R A KGR, SHERARNEMRA. BIEW. IEER
3 R S, Uy RO e, 8 BEH P AR EOR F 0, R 1 T
PRI, MR R F 5T R AR IE ¥ IL H 0B SE4E, M\ =) = WA,
EANR. BHRERLUF, AANBFCHRETEHER, EAAHERYS, HiERgapx
Fafe 7 M i C .

Bl 3-14 /M. png B R RS E

zhaikundeiMac:~ zhaikun$ python ocr.py
WBAXHESE: ik .png

ERE, EELE, FHE...

o 18 55 Ak

zhaikundeiMac:~ zhaikun$ [

& 3-15 KB HRAIBFETRERE
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T AR P RCR W E 3-16 s,

® ® | /MiR.png.txt -
BEMAEEMEREAERSE, U EERITEEREN., RIEH. EER
SERERLH, NERBLRE, BREMPATRELIRESN, LEEEERR
WHIENTS, \FIZEERF,. BUREFTXHEERET, SMAHMRIIZNIE,
EFEH. BRETUT, AABERETER, T RERP, REREsK
PHETMALENE.

Kl 3-16 BERIBFHALFZEH txt 30 ERE
A ERE! XEEAMPW? KL fFRwW R, 5 —Er L2 _mE. #MAHA E
APIT Bff n]
SeFT H WAL . https://login. bee. baidu. com/, & A E K5, a0/ 3-17 i,

[E):i1as ZHCE(EKS)
ek ke
FH/ 8PS
! — o
nEe B
shAIm
-
il
5t/ B SE10SFH
UMt HioER
EARNT:
SEREX. EELE. EN=E. BEE. aEVE
=il .

B 3-17 ExXAEmRHEERNE

SR 5 Ba o <R 2 M VIR EL . B BE AR B ApplD. API Key. Secret Key, 1 [ 3-18 #l

FeambR3s | XFiRA - MNAYIR

R R%IR

A 3-18 A1) & 30T iR 51 R

[ FR#AFR AppID APl Key Secret Key

Bl 3-19 W HAFR XN B ApplD,API Key,Secret Key &7~

SR J5 & %% baidu-aip, & 2% 15 A) N . pip install baidu-aip, Z 2 A EITE WM& F, %
wi e AR
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from aip import AipOcr
import codecs
import os
os.chdir('../data’)
def ocr(path):
with open(path, 'rb') as f:
return f. read()
def main() :
file name = str(input('iF% A X% :"))
print ('EWLB], ETELHE, FHE... )
app_id = RACHK id’
api key = YRHC K api key '
secret key = 'R H C Y secret key '
client = AipOcr(app id, api key, secret key)
image = ocr(file name)
dictl = client.general(image)
with codecs.open(file name + ". txt", "w", "utf-8") as f:
for i in dictl|[ 'words result']:
f. write(str(i[ 'words']) + "\r\n")

print ('AbHE5EAL )

if npame == ' main
main()
i3 52 7 A _E AT T LA D U B 9 AP AT #6457 OCR 851 7. B 7 %
1) 30 TR T R £ LA T AS R SO P 3-20 R

* MEER3CFIRR
* BAHER

* T FIRA

* BIER7

* TRIERSY

* ERRA

* BEAlRERIRE

* REXFIRA

* BRARERR

A 3-20 A JE OCR 8y H A iR 5 B x E
BARN R AE N . https://cloud. baidu. com/doc/ OCR/OCR-API. html,
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3.7 pyecharts

ECharts & — 1~ {# FH JavaScript 3 3 ) 5 0] 4
LE . O] LI s 47 7E PC o AN ahi% & . 14t Y5 i f
WLHY A B35 B AT s B PR E ] BY 20 dE o] 1L 1
<. B MEEf bl & . http://echarts. baidu. com/. H ECharts A= A% 8 B i) a] 78 4k 5%
RAEFEE. N T5 Python 47X 2, [F] B 77 7€ Python v B £ 48 F £ g 2E A, [
N ZANRH&H T 5% = H: pyecharts,

B 7o % %% pyecharts, & % 15 A) A : pip install pyecharts, % % ZFE 7 W i 5% F.
T W IG5 . T JF Jupyter Notebook., pyecharts 7 28 B 20 &, A LA 7 & A Jupyter
Notebook =17 A F AU .

o BV -

import pandas as pd

import os

os.chdir('../data’)

data = pd.read excel('BH#r5 T% . xlsx')

HPE e 3-21 Bios .
In [3]: data.head(3)

o b W A% BESN ABISR
0 JtEM JER 63239 9240
1 EEKm B|K 10351 5962
2 MM &R 30894 7409

E 3-21 B#SE5L%. xlsx HEMmEERE
T TR E « FAn y 3.

x = list(data[ ' '])
yl = list(data[ 'FHEHH'])
y2 = list(data[ AT % '])

AWMz ETSFEEREM T ESRWME 3-22 Fras.

from pyecharts import Bar
bar = Bar()
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(s

bar.add("BRE¥H (JC)", %, yl, mark_point = ["max", "min"], mark line = ["average"], is_
label show = True)

bar.add(" A T8 (JT)", %, ¥2)

bar

@ == (t) @ IS ()

70000 -3 '
h IW=9

60000 -
52240 52456
50000 -

40000 -

30000 O ----------- R e T TP EEERL L S R -» 30362.55

Itmt HEEh [rMm Eegh Fikh XZBh ST fME BEm #Us 5SS

K 3-22 BEME5ILE.xlsx¥iEEFRKEHE

i T LAsg B Ry, i 8] 3-22 1E E 5 R0 O, nl f5 40 & 3-23 B s
RS

@ == (T

70000 =% ;
63929

60000 ~

52456

52240
50000 -

40000 -

30000 . ———————— 2 « 7 e T PP P e T Y B - B Y T T B ™, 2?-?_63 _______________ _" 30362.55

20000 -

Idmd B rMh Leh b X2EH SEE Mk BEFES #lF  5Eh

A 3-23 BEMS L. xlsx BB T HE
HA W6 KRR AR T R WA 3-24 s

from pyecharts import Bar

bar = Bar()

bar.add(" B EH M4 (7T)", %, ¥1)
bar.add(" A¥W T % (Jt)", x, y2, is convert = True)
bar
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"R
N

@ == () @ ASTIE (7

i.-J
LS T V5 N - L. = | B R =« S ¥ = N e

-

T T T T T T 1
0 10,000 20,000 30,000 40,000 50,000 60,000 70,000

K 3-24 BEME5 L%, xlsx BiEAELZEE
HAEWMZ2H 5 HFE BT .22 WA 3-25 Frw.

from pyecharts import Bar

bar = Bar()

bar.add('FBERH#(3C) ', x, yl, bar category gap = 10, is label show = True)
bar

@ == ()

70000 -~
63239

60000 -
52240 52456

itmm @K SMh EEh @i XED ST fMd BEh @Sl RET

& 3-25 BMEIR.xlsxEEHNHEFE
HAEWMMZHITLE BT SR 0E 3-26 Fraw,

from pyecharts import Line

line = Line()
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O

line.add('JBE¥H(IC)', x, yl, is_label show = True)
line.add('A¥JWA (JT) ', %, ¥2)

line

-O- BB () -O- A (7T)

70000 -
63239

60000 -

52240 52456

50000 +

40000 +

30000 -

20000 -

10000 -
W O o o

s mEE SME ST Rin FEe ARG RN BEn BUE 5ot

& 3-26 FBir5 T¥%. xlsx BIEIEITLE
HAEWMMAZH0FE AREWT . RuE 3-27 Brs.,

from pyecharts import Pie

pie = Pie()

pie.add('FEER¥IH (JC)', %, vl, is_label show= True, legend orient = 'vertical', legend pos
= 'left')

pie

@ it=s
.&ﬁi . 449% B
B s AR™: 8.31%

B A
B %z

C AT 8.84%
B i
B & h
- BLum™ ak: 443% —
B REm

E5: 18.93%

BxH: 3.1%

I~ M: 9.25%

Kigmh: 7.44%

8™ 15.64%
I 15.71%

E 3-27 BEHETLE. xIsx BB RHE
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t nRE 0 B R 2 B 22 72 R — S EDE B A a0 L a5 R & 3-28 Fiow .

from pyecharts import Bar, Line, Grid

bar = Bar()

bar.add("BEE¥H#(JT)", %, yl, is label show = True)
bar.add(" A¥ T¥ (J5)", %, y2)

line = Line()

line.add('JBR¥# (JT) ', %, yl, is label show = True)
line.add('A¥TH (JT) ', %, y2)

grid = Grid()

grid. add(bar, grid bottom="60%")

grid.add(line, grid top="60%")

grid

B == () @ ASTE (T

70000 3239
60000 - 52240 52456

40000 4 4
30000 - 3089 24842 29522 27763

20000 - 10351 14783

tmm @EEbh IME E8h @®ih X2ER SRdh e EFEh #lm FEw

70000 63239
60000 -
50000 -+
40000 -
30000 -
20000 -

29522 27763

12890

15008

10000 4 o ¥~ — o ——— j . —

B 3-28 BME T¥. xlsx BEIE &IV B fir s E
rERIEE EE M LK ACHBWT . Z R WA 3-29 s,

from pyecharts import Overlap, Bar, Line, Grid

bar = Bar()

bar.add('BEERHH# (JE) ', %, y1)

bar.add(' A¥J T (JC)', %, y2)

line = Line()

line.add( 'R ¥ #t (), x, y1, is label show = True)
line.add('AX¥ L% (JC)', %, y2, is label show = True)
overlap = Overlap()

overlap. add(bar)

overlap. add(line)

overlap

tmm @Eh IMh s ®ih X2t St fMed BExh #lm  RED
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B EEsn () @ ASITE (7T

70000 -
63239

60000 -+

52240 52456

50000 -

40000 -

30000 -

20000 ~

10000 -

iﬂglll fFZ ] i
HERRR R R RN
k= ®EEh e BBt Fh FTEE SIBF WMt &= BT s

& 3-29  BHS T, xlsx BBUE &7 B & mirs E
i B pyecharts o] )@Y R EZE ACHEWF .85 2 A 3-30 s,

from pyecharts import Gauge

gauge = Gauge()

gauge.add('', '', '80', scale range= [0, 100], angle range=[180, 0])
gauge

5
'

& )
10 90 ‘
0 100

80%
& 3-30 pyecharts 81 & /Y {L 3 & F

i FH pyecharts 7] G @38 T w25, B @ W 2 & v U2k s 17, B /BT
R,

import numpy as np
temp = np.array(data[[ ki’ 'BEEHH'1]). tolist()
a = ]
for i in temp:
z = tuple(1i)
a. append(z)
from pyecharts import Geo
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geo = Geo("2HFEWT BEMBUEE", title color =" # fff", title pos = "center", width=
800, height = 600, background color = '# 404a59"')
city, value = geo.cast(a)

nn

geo.add("", city, value, visual range = [ 10000, 50000], visual text color = " # fff",
symbol size = 15, is visualmap = True)

geo

i A pyecharts i v] 1) 2 3% 7 105 i L AR T .

from pyecharts import Geo

geo = Geo("HIEEW T EM B S EIEE", title color =" # fff", title pos = "center",
width = 800, height = 600, background color = '# 404a59"')

city, value = geo.cast(a)

geo.add("", city, value, type = "effectScatter", is random = True, effect scale=5)

geo

{#i H pyecharts tn] G &2# A ACHEWT .

from pyecharts import Geo

geo = Geo("2HEFEFEW T EMMAHE", title color="# fff", title pos= "center", width=
800, height = 600, background color = '# 404a59")

city, value = geo.cast(a)

geo.add("", city, value, type = " heatmap", is visualmap = True, visual range = [ 10000,
20000], visual text color = '# fff"')
geo

i i pyecharts 7] 8] & 4 FH & O A AW F .

from pyecharts import Map

city = list(data[ '&f'])

value = list(data[ 'R ¥H#'])

map = Map( width= 800, height = 600)

map.add("", city, value, maptype = 'china', is label show = True, is_ visualmap = True,
visual range = [5000, 60000], visual text color= "# 000")
map

{8 H pyecharts W n] G| & 38 € & o Wi B AW F .

from pyecharts import Map

city = np.array(data[ '#Ti']). tolist()
value = np.array(datal 'FBEEX¥Hr']). tolist()
map = Map( width =800, height =600)

map. add("", city, value, maptype= 'J % ', is label show = True, is visualmap = True, visual
range = [ 10000, 20000],visual text color = '# 000")
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map

M b T B2 AR EE d o] DUE S, i pyecharts 7F B B 86 SE AR 32 5% LU S O30
ST R 7 B i B, o] L 223008 pyecharts JEAT/E R L SR )5 K X 2 & R i ®) PPT i
o L, AT B v i A L

3.8 stats B E ST o

Python BB R F A . L oG m L B e w e Idtfrait it 5k
K. scipy FEHHY stats L AE X LR Z B A e i D RE .

FAEMFIRNSTZZANZHARZNL W, 0. 2605 XG5 5 E kg &
HHL ., ARNFE ZEGY" X —HRK., Faldistn HIzL8 b Enw =49
ZIRRGN O I EFE SR ARSI LR EER.

import pandas as pd

import matplotlib. pyplot as plt

from pylab import mpl

mpl. rcParams[ 'font. sans — serif'] = ['SimHei'] #3iEEBRILNFER

mpl. rcParams[ 'axes. unicode minus'] = False Tt MR FEEERNS - B e e B

import os
os. chdir( '/Users/zhaikun/Desktop')
data = pd.read excel('R{%%.x1s')

i — &R . A El 3-31 PR

In [4]: data.head()

Out[4]:
o151 o2 $iH3 pis4 piE_ AT i1 6152 8153 S g

0 27 26 29 38 30 24 29 37 32
1 30 38 38 40 45 38 38 36 44
2 43 49 47 46 43 48 48 42 50
3 30 34 29 41 32 36 29 38 15
4 39 45 40 44 48 50 40 40 48

B 3-31 ¥ =AW A AR A i T
BoEITAE RN N EF ARG FHE. RS E S Z RS EEE.
a0 s,
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data[ " 3HEI{H'] = data. ix[:,0:5].mean(1)
data[ "3 F¥{EH'] = data. ix[:,5:9].mean(1)

temp = datal[[ '3 F¥HE', &% FHE"]]
temp. plot()
plt. show()

HEERNGEFEZE.TUESTHAE. EFB I FENRGESR . SR W
Al 3-32 i~ .

In [10]: temp.plot()
plt.show()

45 1
40 -
35 1
30 1
25 1
20 1

15 1

6 5 10 % 2 %
 3-32 HEYEIRRSE R E
& 3-32 AT LLEI, &It 2 )5, F il P ST B 1 73 35 7% 107 3 8
T HEFAT AR KRR, R R EAES W AEEH S IFNE
25 i B SN 2 SR . AR F B SR 45 R 3-33 B,

from scipy import stats

stats. ttest_rel(temp[ '3 FEXMEH '], temp[ 'S5 HFHME 1)

In [11]: from scipy import stats
stats.ttest rel(temp['#1BTHE" ], temp[ BHFHE'))

Out[11]: Ttest_relResult(statistic=-4.0781602275865065, pvalue=0.0003406411787764341)

Bl 3-33 tHiessRE
MG 7] DL & 3 P<0. 05, B R R A BSr - 82 % 3 5 0F i fe - % A 1Y
FIRGHIEER T E.
stats L FR T 0] LLIEAT ¢ K296 LAM B W] LIEAT R AR . 20 & %1 B & A
A 56 T B X BN HEAT TR 4 28, B S8 i 52 n] B AT A B AH O Bk .

-0
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3.9 NG

AFEEENATYH Python 155 M KRR SZ RN H . X 860 HEIH 75 = 74,
AL B A B iR & [ A3 45 L JSON ## . OCR 32 5 L B2 pyecharts
2R AE, Et X sePRN A L B T Python fE NI /KIE S "B /1, BB AV &



fr 22 AP HEAE? an, 10 545 E AR 10 445 7. 10 774 IEH 8
AHE P PR 10 NMKRTER P X SRR T AR . T b BOR R A AT RE
w7 ORAR KR 85K - 7 T A ZAL 55 2 22 A0 X BB A -1 400 P 3R 2R L8 o te il
i) 58 HEA

4.1 Z3EE. ZXGIESKXE

7T 5 ACEL AN 2R -

import numpy as np

import pandas as pd

import matplotlib. pyplot as plt
import seaborn as sns

import warnings

warnings. filterwarnings(" ignore")
import os

os.chdir('../data’)

data = pd.read csv('data.csv')

f£ Jupyter Notebook Hiiz AT , H- &4k i v 25 R &l 4-1 Fs
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In [2]: data.head()

Out[2]: Time v vz v3 ] VS VB VT VB Voo v vaz vzl vi4
0 00 -1.356807 -0.073TE1 2536347 1378155 -0330321 (MGISEE (239500 0008608 (.563787 .. -DOMBS07 O.277E3E 0110474 (0.066928 0128
1 00 11899857 0266151 0186480 0446154 O0O6001E -DORZ3ET -DOTEBO3 O0BSIO? -0.255425 .. -D225775 -0B38672 0101288 -0.330846 0.167
g 10 -135E354 -1.340163 1773209 0370780 -0503198 1800490 0701481 0247676 -1514654 .. 0247008 0771670 0000413 -0.BEDZE1 -0.337
3 10 -008E2T? -01BGZDE 1702003 -0BE3Z01 000000 1247303 0237600 0477456 1387024 . -DIDEIOD 0ODSIT4 0400321 -1.17EETS  0.B47
4 20 -1188233 QETITIT 1540718 0403034 -0407190 0085021 (562041 -0.2T0SA3 QAIT7IE .. -0O0S43T  OTOAITE 0137458 0141267 -0.208

5 rows x 31 columns

In [3]: data.shape
Dut[3d): (284807, 31)

B 4-1 data. csv (3571 % B s B

XA B AR L 284807 17,31 FI 1Y BUE .

data[ 'Class']. value counts()
0 284315

1l 492

Name: Class, dtype: int64

HirZ & 'Class' IEEAEH. R EEZ P BERA 492 1~ FHF R 492 =
284807=1.73%.
Fe X AR & A ' Amount ', 'Time "7 E{L AL FE .

from sklearn. preprocessing import StandardScaler
sc = StandardScaler()
data[ [ 'Amount', 'Time']] = sc.fit transform(data[[ 'Amount’, 'Time']])

G0 SR B A AT A AT A B L T B A A 2 ] AR, R A AR R AR

allFeatures = list(data.columns)

allFeatures. remove( 'Class')

X = datalallFeatures]

vy = data[ 'Class']

from sklearn. cross validation import train test split as sp

X train, X test, y train, v test = sp(X, y, test size=0.3, random state=1)

from sklearn. linear model import LogisticRegression as LR

lr= LR{)

lr. fit(X train, y train)

from sklearn import metrics

y _test label = lr.predict(X test)

y_test value = lr.predict proba(X test)[:, 1]

print("WIXEERFER: {:.2%}". format(metrics. accuracy score(y test, y test label)))
print ("3 4 AUC /& : {:.4}". format(metrics. roc_auc_score(y test, y test value)))
from sklearn. metrics import classification report

print(classification report(y test, y test label))
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% =
- Lt B
et

TSGR TE .

M EMERER: 99.92%
WX AUC £ : 0.9657

precision recall fl - score support

0 1.00 1.00 1.00 85308

1 0.84 0.58 0.68 135

avg / total 1.00 1.00 1.00 85443

R BRI A5 HZ RE AT AL 2

X CHRRRHARETA? fiEaRaf LB 47 EXTAFHR
S B REASARS I 52 Bl v B R AR A 3SR recall, DAHOR BT & B AYR I B AR RAR A

AR 2R FTAFEFHA, ] DA ROCR PR ik . X BB 25 =5 &) imblearn,
L% 18A] A« pip install imblearn,

allFeatures = list(data.columns)

allFeatures. remove( 'Class’')

X = datalallFeatures]

y = data[ 'Class']

n pos sample = y[y == 0].shape[0]

n neg sample = y[y == 1].shape[0]

from imblearn. under sampling import RandomUnderSampler
rus = RandomUnderSampler(ratio= {0: (4 * n_neg sample),l:(n _neg sample)}, random state=1)
X, v = rus.fit _sample(X, y)

data X = pd.DataFrame(X, columns = [allFeatures])
data v = pd.DataFrame(y, columns = [ 'target'])

data = pd.concat([data X,data y], axis=1)

TE X > OB I BT RE A TP HARZE & target BOZKSF 2010 2 -

data[ 'target']. value counts()
0 1968
1 492

Name: target, dtype: int64

T T H AR

X = datalallFeatures]

y = data[ 'target']

from sklearn. cross validation import train test split as sp

X train, X test, y train, y test = sp(X, y, test size=0.3, random state=1)

from sklearn. linear model import LogisticRegression as LR
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1r = LR()

1r. fit(X train, y train)

from sklearn import metrics

y_test label = lr.predict(X test)

y_test value = lr.predict proba(X test)[:, 1]

print ("M EEFFR::. 2% }". format(metrics. accuracy score(y test, y test label)))
print ("M 4E AUC & :{:.4}". format(metrics. roc_auc_score(y_test, y_test value)))
from sklearn. metrics import classification report

print(classification report(y test, y test label))

BTG RUT

W5 G R :97.15 %
X £ AUC /& :0. 9805

precision recall fl1 - score support

0 0.97 1.00 0.98 588

1 0.98 0.87 0.93 150

avg / total 0.97 0.97 0.97 738

A2 recall /& 0. 87 M5B EL A TR KT
I 5 P38 EGIE ;

from sklearn.cross validation import KFold
from sklearn. metrics import recall score
fold = KFold(len(y train), 5, shuffle = False)
c param range = [0.01, 0.1, 1, 10, 100]
results table = pd.DataFrame(columns = ['C{H', "“FX¥ BRI EE5"])
results table[ 'C{H'] = c param range
j =0
for c_param in c_param range:
print('C{H: ', c_param)
recall accs = []
for iteration, indices in enumerate(fold, start=1):
1r = ILR(C = ¢ param, penalty = '11')
X train = X train.reset index(drop= True)
y train = y train.reset index(drop = True)
1r. fit(X train. iloc[indices[0],:], v train. iloc[ indices[0]]. values. ravel())
y pred = 1r.predict(X train. iloc[ indices[1], :]. values)
recall acc = recall score(y train.iloc[indices[1]].values, y pred)
recall accs.append(recall acc)
print( 'E W E ', iteration, ':FHRIFIF 4 = ', recall acc)
results table. ix[j, "“F¥H B M FEE 72 '] = np.mean(recall accs)
3 t=1
print( EXgH Pl # 484> : ', np.mean(recall accs))
best ¢ = results table. loc[results table[ "1 [l #1854 ']. idxmax() ][ 'C1H ']
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C Y

print('AZ X iF &I #) C{HRE ', best _c)

BTG R T

C{H:0.01

EARWE 1 BRI EE 4 = 0.7972972972972973
EARWE 2. B RIEE 4 = 0.8769230769230769
ERWE 3: B EIFEE 5 = 0.875

EAR WS 4. B B F1E 4 = 0.7878787878787878
R 5: F I #134 = 0.8461538461538461
SE ¥ 7 [F] %48 4):0.8366506016506016

C{H:0.1

AR E 1: F B #4535 = 0.8243243243243243
AR E 2: B I %454 = 0.9076923076923077
EARWE:3: HEIRE 5= 0.875

VAR B 4: B 254y = 0.8484848484848485
ALY 5: B [E K84 = 0.8615384615384616
SEHH Pl #4543 :0.8634079884079885

C{E :1

RS 1: B EIFRE S = 0.8243243243243243
AR E 2: B I E 4 = 0.9230769230769231
WK 3: BRIEE 4= 0.875

WKL 4: H B %453 5 = 0.8484848484848485
ERWE 5: B Bl %54 = 0.8923076923076924
SE 3 7 Bl 24843 :0. 8726387576387576

C{H:10

AR E 1: F Bl %454 = 0.8378378378378378
MRV ¥ 2: B | 484 = 0.9230769230769231
YAV B 3: H nl 484 = 0.8888888888888888
AL B 4 F n| %45 4> = 0.8787878787878788
AR E 5: B B R4 = 0.8923076923076924
SE 3 7 Bl %4843 0. 8841798441798442

C{H :100

AR E 1: F Bl %454 = 0.8378378378378378
ERWE 2: F B 454 = 0.9230769230769231
EARE 3: F Bl %4535 = 0.8888888888888888
AR E - 4: B M FR1E 4> = 0.8787878787878788
EARWE 5: H Bl 454> = 0.8923076923076924
-3 E %45 4 :0.8841798441798442

A Bk B A ¢ {H 2 10.0.

TS EIEHR BN A C A TR b, Je F OCR AR R B BRI 2R 8, 5t
Yl 25 %f 1O A Y B n 25030

lr = LR(C = best ¢, penalty = 'l11')
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lr. fit(X train, y train)

data = pd.read csv('data.csv')
allFeatures = list(data.columns)
allFeatures. remove( 'Class')

X = datalallFeatures]

y = data[ 'Class']

y label = 1r.predict(X)
print(classification report(y, v_label))

BATE RN T .

precision recall fl — score support

0 1.00 0.99 1.00 284315

1 0.17 0.89 0.29 492

avg / total 1.00 0.99 1.00 284807

A 1% recall HIR KR FA 153 1 0. 89,

y_value = lr.predict proba(X)[:, 1]

print("AUC J/&: {:.4}". format(metrics. roc_auc_score(y, y_value)))

BAITEHRINT

AUC 4 :0.9855

LU AR R R R AR 4

XA FREARZG P AT LLEB IR E.

(D) AR IEE T R A H T RS, RAED =B AR, 5518
5 Al HEJ& racall, t Al HEJ& precision, & W] fEJE f1-score, A E AR PR T auc 1 ks.

(2) X3 A 35 2808085 5 - v] LK FH 2 2R A BOR R AR 19 35 Il 9k Hh AR P SRR A O
FEZ R BIFEAS) T YR, SR e SE A B A Dl m o AN B o v

4.2 ETHoHHREERIEA

R T RR AR S5 AR A U] i n] DUAR 98 722 e JRUE B9 0 A 1 O
PEAT S W AR A U AT A



import numpy as np

import pandas as pd

import matplotlib. pyplot as plt

import seaborn as sns

import warnings

warnings. filterwarnings(" ignore")

import os

os.chdir('../data")

dataset = pd.read csv('data.csv')

RS R R

col = ['Bmount', 'Time’]

for i in col:
plt. figure(figsize = (5,5))
sns. distplot(dataset[i]. dropna())
plt. show()

iﬁ%#%%ﬁn@ 4_2 Eﬁﬂﬂ_{:n

0.00175 -

0.00150 +

0.00125 -

0.00100 -

0.00075 -

0.00050 -

0.00025 -

0.00000 -

Amount

0 5000 10000 15000 20000 25000

| 4% SHHARS @

0.000010 1

0.000008 -

0.000006 A

0.000004 1

0.000002 4

0.000000 -

0 25000 50000 75000 100000 125000 1500000 175000
Time

B 4-2 Amount #1 Time 2 & 1 % & 43 15 &
ME 4-2 vha] LUE 5 200 70 A6 B A8 D w8 4 VB 22 & b A %) 008 46

dataset[ 'Amount'] = np. log(dataset[ 'Amount'] + 1)

dataset[ 'Time'] = np. log(dataset[ 'Time'] + 1)

XF R ) 1 oA B L AL 4-3 o,

Fook [m] s — T H AR AL w8 KF o A

dataset[ 'Class']. value counts()
0 284315

il 492

Name: Class, dtype: int64
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0.40 1 44
0.35 -
1.0 1
0.30 -
0.25 4 L
0.20 + 0.6 1
0.15 1
0.4 1
0.10 -
0.2 4
0.05 -
0.00 GE T T T L
0 2 4 6 8 10 0 2 4 6
Amount Time

& 4-3  Amount #1 Time 78 & B9 X ¥ B 4 1 &

MR KESHOLLEH.Class T 1 BIAERE L LA 492 + 284807~
0. 1727 % 2™ 8 A 5o

T mEFITEAEED 5
normal = dataset[dataset[ 'Class'] == 0]
anomaly = dataset[dataset[ 'Class'] == 1]

from sklearn. model selection import train test split as sp
train, test = sp(normal, test size=0.2)

normal valid, normal test = sp(test, test size=0.5)
anormal valid, anormal test = sp(anomaly, test size=0.5)
train = train. reset index(drop = True)

valid = pd.concat([normal valid, anormal valid])

valid = valid. reset index(drop = True)

test = pd.concat([normal test, anormal test])

test = test.reset index(drop = True)

A — P EBIEEER.

train. shape £ (227452, 31)
valid. shape ¥ (28677, 31)
test. shape # (28678, 31)

R R R R R R R F R R R R R R R R R R R R R R R R R R R R R R
¥ Stepl:ETFTEIHAHLUEEREELEN
FREEHEEREEREH R HE R RS R R R R RS a8 R REHE
B 2 R RS

from scipy. stats import multivariate normal
mu = train.drop('Class', axis=1).mean(axis=0).values

sigma = train.drop('Class', axis=1).cov().values
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r"\

L

¥ ZmESSH, BEDSTE BE, AFTFRD T ERRE
model = multivariate normal(cov = sigma, mean = mu, allow singular = True)

#  logpdf : 1 58 2% BE R B0 5
print(np. median(model. logpdf(valid[valid[ 'Class'] ==0].drop( 'Class', axis=1).values)))
print(np. median(model. logpdf(valid[valid[ 'Class'] == 1].drop('Class', axis=1).values)))

BATEERU T .

— 33.91079260533387
— 716.0503164497757

X HL R — T _EmARAS & X

* multivariate_normal ;& Z JCIE& 010, 36 %€ Vh 5 22 V¥ {H, R i ek a1 = 00 7
ZHE . mu 2 GEREIE, sigma 2 ZRERI P72,

o logpdf J& it 5 ML 3R % B ok & X 50, X BT B v (2 480, O (8 48 T m AR RS

BN R B {E T AY recall score.precision score fl fbeta score''

from sklearn. metrics import recall score, precision score, fbeta score

tresholds = np. linspace( - 1000, — 10, 150)

scores = []

for treshold in tresholds:
y valid lable = (model. logpdf(valid.drop('Class', axis=1)) < treshold).astype(int)
scores. append ([ recall score(valid[ 'Class'], y_valid_lable), precision_score(valid

[ 'Class'],

v valid lable), fbeta score(valid[ 'Class'], v valid lable, beta=2)])
scores = np.array(scores)
print(scores[:, 2].max(), scores[:, 2].argmax())

X B R — T 4557 %0 recall_score J& 118 A [0 % 43 2, precision_score & i1 H iy
248, fbeta_score S 45 BE FILA 0] 22 09 AU An~F- 2 (H .
BATERUWT .

0.7723250201126307 110

n] AL AN [ BB T B recall _score.precision_score # fbeta_score, fCASANT .

Al AL A B B {E F 89 recall score.precision score fl fbeta score''
plt. plot(tresholds, scores[:, 0], label="'$ Recall $ ')

plt. plot(tresholds, scores[:, 1], label = '$ Precision$ ')

plt. plot(tresholds, scores[:, 2], label="'SF 285 "')



Q
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plt. ylabel ( 'Score')
plt. xlabel( 'Threshold')
plt. legend(loc = 'best')
plt. show()

N AL S R 4-4 Fras .

1.0 1
0.8 4
o 0.6 4
3
0.4 4
0.2 { = Recall
—  Precision
i .
0.0 - ‘
-1000 -800 -600 =400 =200 0

Threshold

B 4-4 AEE{E T 8 recall.precision.f2 7] #i 1t &

R R

final tresh = tresholds[scores[:, 2].argmax() ]

y test label = (model. logpdf(test.drop( 'Class’', axis=1).values) < final tresh). astype
(int)

print("BABFERE: $d % final tresh)

print("TXEH R L3 E: %.3f' % recall score(test['Class'], y_test label))

print ("X LGP RESEE:%$.3f' $ precision score(test['Class'], y_test label))
print('JliX4E F2 5052 : % .3f' % fbeta score(test['Class'], v test label, beta=2))

BTG RUT .

B A B{ERZ: - 269

4 73 (] R A R £ 0. 772
i 5% 4 i e 3R 43 B £ 0. 704
A4 F2 %2 :0.758

eI R nl AL ACAS A T

I T B

import itertools

from sklearn. metrics import confusion matrix

def plot confusion matrix(cm, classes,title= "R & ', cmap = plt. cm. Blues) :
plt. imshow(cm, interpolation = 'nearest’, cmap = cmap)
plt. title(title)
plt. colorbar()
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()
L

tick marks = np.arange(len(classes))
plt. xticks(tick marks, classes, rotation=0)
plt. yticks(tick _marks, classes)
thresh = cm.max() / 3.
for i, j in itertools. product(range(cm. shape[0]), range(cm. shape[1])):
plt. text(j, i, cm[i, j], horizontalalignment = "center", color = "white" if em[i, j] >
thresh else "black")
plt. tight layout()
plt. ylabel( 'ZCfR ")
plt. xlabel ('] ')
cnf matrix = confusion matrix(test['Class'], y test label)
class names = [0,1]
plot confusion matrix(cnf matrix, classes = class names)

BTSSR E 4-5 Fras,

i b AE B
25000
80
20000
15000
10000
] 56 190
5000
0 1

T

B 4-5 R\EERE

AR UL, FEAS B A ] 28500 18 2 A S WY L TR X 0 A F 4 ) BOHE 4 P, 36 3
T 190 N REHEAR,

s ia e
# Step 2:ETIRA AL A9 0 k& 7% EAN

FRER R R R R R SR R R R R R e R R
R AT

from sklearn. mixture import GaussianMixture

gmm = GaussianMixture(n components =3, n init =4, random state=1)

gmm. fit(train. drop( 'Class', axis=1).values)

print(gmm. score(valid[valid[ 'Class'] == 0].drop('Class', axis=1).values))
print(gmm. score(valid[valid[ 'Class’'] == 1].drop('Class', axis=1).values))

BATEARUT -

6.8138687337843695
— 132514. 22047425093



(78) Python#l28 % 5— BB AT 54 FREHURMR) |

FHEE TRV SRR A3

"HE AR B {H T A recall score,precision score fl fbeta score''
tresholds = np. linspace( — 140000, 20, 1000)
scores = []
vy _pred score = gmm. score samples(valid.drop('Class', axis=1).values)
for treshold in tresholds:

y valid lable = (y pred score < treshold).astype(int)

scores. append ([ recall score(valid[ 'Class'], y_valid lable), precision score(valid
[ 'Class'],

y_valid lable), fbeta score(valid[ 'Class'], y valid lable, beta=2)])

scores = np.array(scores)
print(scores[:, 2].max(), scores[:, 2].argmax()) # fbeta K5 0.81,7& 5| & 68
"l fRAE A B B {E F B recall score.precision score Fl fbeta score''
plt. plot(tresholds, scores[:, 0], label ="'$ Recall $ ')
plt. plot(tresholds, scores[:, 1], label = '$ Precision$ ')
plt. plot(tresholds, scores[:, 2], label="'SF 25 ')
plt. ylabel( 'Score')
plt. xlabel( 'Threshold')
plt. legend(loc = 'best')
plt. show()
R R
final tresh = tresholds[scores[:, 2].argmax() ]
y_test label = (gmm. score samples(test. drop( 'Class', axis = 1). values) < final tresh).
astype( int)
print( ' BAFERE: $d' $ final tresh)
print( "M iXE BRI R RE: $.3f' % recall score(test['Class'], v _test label))
print("MiXE G P RESER: % .3f' % precision score(test[ 'Class'], v test label))
print( 'l F2 552 : % .3f' % fbeta score(test['Class'], y test label, beta=2))
cnf matrix = confusion matrix(test[ 'Class'].values, y test label)

plot confusion matrix(cnf matrix, classes = class names)

RAIBITERWE 4-6 s .

ek g ]
1.0
- W) 25000
0.8 54
- 20000
0.6 Ho—
< Recall 8004
S —— Precision
J3 A F
0.4 =
: - 10000
1 54 192
0.2 - 5000
00
-140000 -120000 -100000 -BOOOO —60000 —40000 -20000 0 o 1

il
Threshold HoM

B 4-6 REEIERTHHXERERE
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O

R 43 IS AR EL 7 B S5 B A Oy ik AU 0

PR R R R R R R R R R R B e R R e iR e R s

¥  Step 3:E: T I FRAKAY TC W B = F (A I

PR R R R R R R R R R R R R R R R R R B R R R R R

P AR

from sklearn. ensemble import IsolationForest

model = IsolationForest(n estimators = 50, bootstrap = True, max samples = train.shape[0],
n jobs =4, random state=1)

model. fit(train. drop('Class', axis=1).values)

print(model. decision function(valid[wvalid['Class'] == 0].drop('Class', axis=1).values).
mean( ) )
print(model. decision function(valid[valid['Class'] == 1].drop('Class', axis=1).values).
mean( ) )

"B AR E{E T B recall score.precision score ffl fbeta score''
tresholds = np. linspace( —-0.2, 0.2, 200)
scores = []
y_pred score = model.decision function(valid.drop( 'Class', axis=1).values)
for treshold in tresholds:
y valid lable = (y pred score < treshold).astype(int)
scores. append( [ recall score(valid[ 'Class’'], v valid lable), precision score(valid[ 'Class'],
y valid lable), fbeta score(valid[ 'Class'], y valid lable, beta=2)])
scores = np.array(scores)
print(scores[:, 2].max(), scores[:, 2].argmax())
Al AL A IR B {E T B recall score,precision score fll fbeta score''
plt. plot(tresholds, scores[:, 0], label="'S$ Recall § ')
plt. plot(tresholds, scores[:, 1], label = '$ Precision$ ')
plt. plot(tresholds, scores[:, 2], label="'SF 28 ")
plt. ylabel( 'Score')
plt. xlabel( 'Threshold')
plt. legend(loc = 'best')
plt. show()
ORI AR P A o
final tresh = tresholds[scores[:, 2].argmax() ]
y_test label = (model.decision function(test.drop('Class’', axis=1).values)< final tresh).
astype( int)
print('BXBF{EHE: $d' $ final tresh)
print ('l {XE B B R4 E: $.3f' % recall score(test['Class'], y test label))
print("MXEMPRE SR : % .3f' $ precision score(test['Class'], v test label))
print ("4 F2 3% & : % .3f' % fbeta score(test['Class'], y test label, beta=2))
cnf matrix = confusion matrix(test[ 'Class'].values, y test label)
plot confusion matrix(cnf matrix, classes = class names)

@?Ai:ﬂh%ﬁuiﬂ 4_? Eﬁm o

e
# Step d:FETHT KR KN
PR R R R R R R R R R R R R R P R PR R R A R R R R R
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CHAFERR - ER TS ARG, HERE MR TEZEAER
class hist model(object) :

def  init (self, bins=50):
self.bins = bins
def fit(self, X):
bin hight, bin edge = [], []
for var in X. T:
bh, bedge = np. histogram(var, bins = self. bins)
bin hight. append(bh)
bin edge. append(bedge)
self.bin hight = np.array(bin hight)
self.bin edge = np.array(bin edge)
def predict(self, X):
scores = []
for obs in X:
obs score = []
for i, var in enumerate(obs) :
bin num = (var > self.bin edge[i]).argmin() -1
obs score. append(self.bin hight[i, bin num])
scores. append(np. mean(obs_score))

return np. array(scores)
model = hist model( )

¥ OOAEARIERE S 507 E, ¥ bin BE E S I 8 0 8 AR 7 BURMR, LW = %

model . fit(train. drop('Class’', axis=1).values)

print(np. median ( model. predict (valid[ valid[ 'Class'] == 0]. drop( 'Class', axis = 1).
values)))
print(np. median ( model. predict (valid[valid[ 'Class'] == 1]. drop( 'Class', axis = 1).
values)))

B[R {E T B recall_score,precision score fl fbeta score''
tresholds = np. linspace(10000, 80000, 100)
scores = []
y_pred score = model.predict(valid.drop('Class’', axis=1).values)
for treshold in tresholds:
v valid lable = (y pred score < treshold).astype(int)
scores. append( [ recall score(valid[ 'Class'], y valid lable), precision score(valid[ 'Class'],
y valid lable), fbeta score(valid[ 'Class'], y valid lable, beta=2)])
scores = np.array(scores)
print(scores[:, 2].max(), scores[:, 2].argmax()) # fbeta K5 0.42,&5|RE 42
Al AL A R B {E F B9 recall score.precision score fl fbeta score''
plt. plot(tresholds, scores[:, 0], label = 'S Recall $ ')
plt. plot(tresholds, scores[:, 1], label = '$ Precision$ ')
plt. plot(tresholds, scores[:, 2], label="'SF 25 ')
plt. ylabel( 'Score')
plt. xlabel( 'Threshold')
plt. legend(loc = 'best')
plt. show()

T A AR
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final tresh = tresholds[scores[:, 2].argmax() ]

y_test label = (model.predict(test.drop('Class', axis=1).values) < final tresh).astype( int)
print ("B H{ERE: $d' % final tresh)

print ("X BRI RS E: $.3f' $ recall score(test['Class'], y_test label))

print ("X EmPRESEE:%$.3f" $ precision score(test['Class'], y_test label))
print( 'l iX&E F2 50 %(2: % .3f' % fbeta score(test['Class'], v test label, beta=2))

cnf matrix = confusion matrix(test[ 'Class'].values, y test label)

plot confusion matrix(cnf matrix, classes = class names)

EIEME
1.0
25000
0.8 0 195
20000
06
5 ey 15000
gg’ i
04
= 10000
| &0 186
0.2 "'—— Recall -
—— Precision
— F
0.0 E
-0.20 -0.15 -0.10 -0.05 000 005 010 015 0.20 0 1
Threshold i

Bl 4-7 RS AR ALF B9 AH R 45 2R R A

BT RUWE 4-8 Fior

AR
- 25000
683
’ 20000
" - 15000
&
- 10000
, 107 139
- 5000
0 1

0
B 4-8 B 77 5 H R B AT B AH O 45 SR R s I



(82) Python#l28 % S— RS HT 51T 5 FREBIHIRR) |

PR R R R R R H R F R R R R R R R R R R R R
£ Step 5:F T SUM B 5 & (& &

R R R R R R R R R R R R R R R R R R R B R R R R R e R
—2 svm, TR EEGN

from sklearn. svm import OneClassSVM
model = OneClassSVM()

model. fit(train. drop('Class’', axis=1).values)

print(model. decision function(valid[valid['Class'] == 0].drop('Class', axis=1).values).
mean( ) )
print(model. decision function(valid[wvalid['Class'] == 1].drop('Class’', axis=1).values).
mean( ) )

BRI {E T B recall score.precision score fl fbeta score''
tresholds = np. linspace( — 50000, — 400, 500)
scores = [ ]
y_pred score = model.decision function(valid.drop('Class', axis=1).values)
for treshold in tresholds:
y valid lable = (y_pred score < treshold).astype(int)
scores. append( [ recall score(valid[ 'Class'], y valid lable), precision score(valid[ 'Class'],
y valid lable), fbeta score(valid['Class'], vy valid lable, beta=2)])
scores = np.array(scores)
print(scores[:, 2].max(), scores[:, 2].argmax()) # fbeta K} 0.81,% 5| & 68
Al fR AL AS R B {E F B recall score.precision score il fbeta score''
plt. plot(tresholds, scores[:, 0], label = '$ Recall $ ')

plt. plot(tresholds, scores[:, 1], label = 'S Precision$ ')

plt. plot(tresholds, scores[:, 2], label="'SF 285 ")

plt. ylabel( 'Score')

plt. xlabel( 'Threshold’)

plt. legend(loc = 'best')

plt. show()

R

final tresh = tresholds[scores[:, 2].argmax() ]

y test label = (model.decision function(test.drop('Class',axis=1).values)< final tresh).
astype( int)

print("FRAF{EHRE: $d' % final tresh)

print("JiXE BRI R4 E:%$.3f' $ recall score(test['Class'], y test label))

print( "M iXER P ERSE R : % .3f' $ precision score(test['Class'], y_test label))

print ("4 F2 3% : % .3f' % fbeta score(test['Class'], y test label, beta=2))

cnf matrix = confusion matrix(test[ 'Class'].values, y test label)

plot confusion matrix(cnf matrix, classes = class names)

SVM d5e K 9 ik b 2 72 KRB Bt R ay S BB N 218 . Br LB
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5.1 FFEmzxEmaE

import numpy as np

import pandas as pd

import matplotlib. pyplot as plt
import seaborn as sns

import warnings

warnings. filterwarnings(" ignore")
import os
os.chdir('../data/H & PEiE ")

df = pd.read csv("comment.csv")
df. head()

a2 WA 5-1 ras.



In [3]: df.head()

| 5% BHRIES

Out[3]: Unnamed: Clothing Recommended Positive  Division Department Class
0 i Aoe Tiie RoviewTwt  Rating IND FeedbackCount  Name Name  Name
Absolutely wondarful - silky and . ;
1] 0 767 33 NaN S Rioank, 1 0 Initmates Intimate  Intimates
1 9 1080 34 NaN mmmmn'amm._l 1 4 G | D D
Some major | had such high hopes for this dress
2 2 1077 60 akes s and reall. 1] 0 General Dresses Dresses
3 3 1048 50 My £ buy! lm.lnw,mmhhmp:.::'n 4 0 Genaral " P
4 4 847 47  Fiattering shir mwhmmmg:‘m 1 6 General Tops Blouses
W - I e
A& 5-1  HE R E0HE I R s B

P 5-1 Al LR LA 1 50 W2 540, 5 80 A sh @V 9 &= 51 42, Bir LU BR

515,

df. drop(df. columns[0], inplace = True, axis=1)

R B A5 RRAE S 2 9 30, 723X HLH ] rename O BRECK 51 24 L fn 24 0 (4

new col = {'Clothing ID':'fIR%E id', 'Age': 'TEiEEFERE "', 'Title': "TEiBPrE ',
'Review Text': TEFIENZA ', 'Rating': 'R#ETE4', 'Recommended IND': ' &EHEFE ",
'Positive Feedback Count': B[R IZIFIL B A% ', 'Division Name': P EHA B,

£+ MEREE 1 5

'Department Name': 'F= i KJE', 'Class Name': 'F= & 32}

df = df.rename(columns = new col)
df. head()

HR P EE . A 5-2 Fras .

In [2]: df. head()

OQut[2]:

#FHEWA

¥ iFie gt i ¥ =5 ®BREEFe Saaf ek me
i ER it FRAE  en  mE MAR A% % man
Absolutely wonderful - silky and 2 ; :
0 7er 33 NaM sexy and comt... 4 1 0 Initmates Intimate Intimates
1 1080 34 MaN Love this dress! it's sooo pretty. i 5 1 i General Dresses  Dresses
happene...
Some major | had such high hopes for this dress
2 1077 60 o and reall.. 3 0 0 General Dresses Dresses
3 1049 50 My favorite buy! | love, love, love this jumpsuit. it's 5 1 0 General Bottams Pants
fun, fl... Petite
4 847 47 Flattering shit 1S Snirftis very flattening to :;' t"h“" 5 1 6 General  Tops Blouses

B 5-2 e IR R E A 44 e A T R s

{i A missingno £ 7 % Gl 2 {H

import missingno

missingno, matrix(df, fontsize = 25)
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Bk (H ] AL S R 5-3 Fr s

ol @ﬁ ¢ ara ﬁy "
& 4 &

2H84

Pl 5-3  BOdR Rk A AT R AL
P 5-3 T LA A& BT N 28 A3 R O A L 0 24 M B ok O A

col = ["TEIEHNE"]
df = df.dropna(subset =[col]) + b B Bk S

A] DA — SE 45 AR A AR 1) TAF 723X AR 1R i . PRIR T4

df[ TEIE A '] df[ "PFiE N % ']. astype(str)
df[ T F %] = df['TFiE A ']. apply(len) FHBEEFRLRKE

5.2 EIERIMAL

N T HEABARZE S Z [\ E) IR, 1] LA T4 s

VA S EECER T 1
g = sns.FacetGrid(data=df, col = "R TES")
g.map(plt. hist, '"TEiIEF%', bins =50)

plt. show()

zZEBMME 5-4 Fr s,



| 68 BRBESLHEEE-—aBHITL (87)

()
B &= i a=1 AR ZEiF 5 =2 AR3={F =3 B s =4 BREEEST=5
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; 4 1 TR | OO T PR O I 11T T
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iFit P e I FE Fit P iFitFa

B 5-4 RS PEe F R AT AL (D

PSS FEREE R ML 2
sns.pointplot(x = '"R¥E D', v= TFieFE ', data = df)
plt. show()
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BmaE ek 3 MARERE KIS,

R SRRV R SRR 10 N ER

k = 10

corr = round(df.corr(), 2)

cols = corr.nlargest(k, '"BRZEVESD ') [ 'IREETES']. index

cm = round(df[cols].corr(), 2)

mask = np.zeros like(cm, dtype = np. bool)

mask[np. triu indices from(mask)] = True

plt. figure(figsize = (8, 8))

cmap = sns.diverging palette(220, 10, as cmap = True)

sns, heatmap(cm, mask = mask, cmap = cmap, center = 0, annot = True, cbar kws = {"shrink": .5})

BT R NE 5-6 Fras.,
HE 5-6 nfA R, “BRIEFE" XN ZESIRET27H RS,
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RS SERIER
df. groupby([ 'HR$5 ¥4+, pd. cut(df[ 'PEIEFE 4F#E '], np. arange(0,100,10))]). size(). unstack(0).
plot. bar(stacked = True)

plt. show()
FREETE S
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ERENSEBRHER

df. groupby([ =&k KZE ', pd. cut(df[ FEIBHE 4R '], np. arange(0,100,10))]1). size(). unstack(0).
plot. bar(stacked = True)

plt. show()

wEra R mE 5-8 s .
e gk 2
7000 B Bottoms
B Dresses
6000 B ntimate
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5000 B Tops
B Trend
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Y| b} =t T3] w [~ o0 o
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= o, 23, =2 L7 o, 1 e,
it & E

B 5-8 FRRESIFEHEFRPXLRABRRE
H &l 5-8 AT LA & BE . “30~40” F1“40~50" 2 W ¥ 1Y = B 4E W Br; 7 45 7 fh 2 5
i, “Tops” 45 HE W B i 8 AP AN G L “Dresses” Hl“Bottoms” E“30~ 40" E & & .

5.3 MASH

F

XIS N BR T AT AR PP T BOX — AR i Ab ik T g AT SR
I IE N 2 P e R DL A TR] oA TR LY L SRS B R R TR R AT R R

=1

[+]

R

import re
= df[ "PFIE N ']. str. lower(). str.cat(sep="")
b = re.sub('["A-Za-z]+"', '', a)
"IN S IR PR, NS AT ER OO TR BB BRAE A
from stop words import get stop words
stop_words = list(get stop words('english')) H R EE i
import nltk
from nltk. corpus import stopwords
nltk words = list(stopwords.words('english'))
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stop_words. extend(nltk words)

from nltk import word tokenize

word tokens = word tokenize(b) # 41i5]

filtered sentence = [i for i in word tokens if i not in stop words]

EX B — T, AR B R A —FE ), R SCA N B =2 3, T L
T W _E R 2 rh SO R e 5 A0 R SCAR N 2 2 92 1, Python 3 & 113760 4 A 455 H 6] )

X B TP IE s 45 FHE E , — 4N & stop_words. get_stop_words. F] LL¥T FF
W4k . https://pypi. org/project/stopwords/ . B/ LIFHERIEF; — T RBRALWH
SR F A PR AL nltk, 78 FH X 0 Z 10 » 7 % 7 pycharm 4 A nltk. download () i 4],
T & A5 R AL

R ERS G B2 mEEREHE T, RXANETER DL —BH
jieba 43 in] . IR SCAS N 75 2 4 3, — M A nltk B word_tokenize.

el e s — R BN BR o RIS

THEBRKERT 2 FERMF

without single chr = [i for i in filtered sentence if len(i) > 2]

A

top N = 100

word dist = nltk.FregDist(without single chr)

rslt = pd.DataFrame(word dist.most common(top N), columns= [ 'Hiia)', '$iZK'])
sns. barplot(x = "Hiid]', y= "$F "', data=rslt.head(7))

plt. show()
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from wordcloud import WordCloud
def wc(data, bgcolor, title):
plt. figure(figsize = (10,10))
plt. title(title)
we = WordCloud(background color = bgcolor, max words = 1000, max font size = 50)
wc. generate(''. join(data))
plt. imshow(wc)
plt.axis('off")
plt. show()
wc(without single chr, 'black', &% FHAYHiiq ")
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5.4 BRSO
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from textblob import TextBlob R Bl
bloblist desc = []
df review str=df[ 'TEIEN A ']. astype(str)
for i in df review str:
blob = TextBlob(i)
# polarity 1E ¥R/~ Ml , i B5R /T Bk, subjectivity 0 F/n B M, 1 £ £ W
bloblist desc.append( (i, blob. sentiment. polarity, blob. sentiment. subjectivity))
df polarity desc = pd.DataFrame(bloblist desc, columns = ['¥Eig', "4, '"HHE'])
def £(x):
if x[ 54 '] > 0:
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val = "B iFEi"
elif x['"f5&'] == 0:

val = "RETER
else:

val = 'fiHEEIE’
return val
df polarity desc['{§4#A'] = df polarity desc.apply(f, axis=1)
sns. countplot(x = "[F& IR ', data=df polarity desc)
plt. show()

BITE R WA 5-11 s,
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CEE A EE
positive reviews = df polarity desc[df polarity desc[ {F&ERI'] == "HH i ']
wc(positive reviews[ '¥Fit '], 'black', "[EHTEIE ")
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R A
negative reviews = df polarity desc[df polarity desc[ 'fF&& KA '] == "HAHIFIE "]
we(negative reviews[ '¥Fi'], 'black', 'fiHTEE ")
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5.5 MXAHZE

i
P
i

FEXT ) 1198 N 25 1Y B IR R AT 1R B o i Z ), ml AR 9 o 2 X R Y
B2, AHE S A 2 L A i v o DA T B2 7R e v e T e 2 A IR A

A

import string
def text process(x):
nopunc = [1 for i in x if i not in string. punctuation]
nopunc = ''.join(nopunc)
return [i for i in nopunc. split() if i. lower() not in stopwords. words('english') ]
df[ TEiE N '] = df['PEiB N % ']. apply(text_process)
VRN EE DU MR AT S AR e
rating class = df[(df[ 'MR¥EVESD'] == 1) | (df[ 'ARETES '] 5)1]
X review = rating class[ TFiEHZ']
y = rating class[ 'BRZEE1E5 ']
from sklearn. feature extraction. text import CountVectorizer # 3 ZAKF1E 2 HU
bow transformer = CountVectorizer(analyzer = text process).fit(X review)
X review = bow transformer. transform(X review)
from sklearn. model selection import train test split as sp
X train,X test,y train,y test = sp(X review, y, test size= 0.3, random state= 101)
from sklearn. naive bayes import MultinomialNB
nb = MultinomialNB()
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0

nb. fit(X train, y train)

predict = nb. predict(X test)

R

X predict recommend = df[ 'FEIEHNZA ']

y_recommend = df[ 'BEHEFE "]

bow transformer = CountVectorizer(analyzer = text process).fit(X predict recommend)

X _predict recommend = bow transformer. transform(X predict recommend)

X train, X test, v train, y test = sp(X predict recommend, y recommend,
test size= 0.3, random state=101)

nb = MultinomialNB()

nb. fit(X train, y train)

predict recommendation = nb.predict(X test)

5.6 NG

A FEE S RV R, A A T B AR A A AR H P AL ] A
6 SCA B AR B LA S SCAR 53 2655 . BB B, HAR R B A B2 A T8/ RERY H
LN 1) Z— RO Y B2 AT LLSE I E i H © HUBF 57 1] . B gEAT IR A 5 .
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FERIRL 5 2255 % BN MR (15 0L SR S5 I BT A 4 h 25 R A& B — 2.
PR A F 2 A LLT 5 i bagging. boosting . stacking . blending F1 % H 45 5 /i
R

WAt A BRI RS 7 N B R AT LU AR R R R R A R, R A L AR R S 2
Plan 7 M 3 28 b i B J7 i

A &5 B A48 stacking 1 blending 77 3 .

1. TE N 1 & p K #7 stacking J& I

(1) D 51 2 v AR 0 B 1 25 R A R 3B O I 2R AR e 11, 150 2 JE AL

(2) BAKRY K 3738 N Zx B B P U1 S i A9 A R Al 7 i 4 B il i K
G B EAE B A I SRR AR 158 2 R AR,

(3) 4 New Features 1 label F 436 #9728 ax B9 5 A SEAT U 25 L 98 )i 28 5 I 42
H) New Features 3K 3 le 2 B PN 45 5% .

2. WE N 121 blending |7 12

(D) INEEXR 4 R PFE 4 (trainl o train2) . 3L 4E A test,
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Q

(2) BERIZ)FErh, B RIZE N 2R train2 TP EE BAE N X, 5 train2 7
SRy — R 2T I R L TS 2 R

(3) BEAIZ) e vp, R AR RS AR I 4 b 9 T 25 SR AE O X, A R e il A 4,
T3 2 EEA,

[FE]

AR A6 2 FHERATRA.RITFALARESAR XAGRA,; KRR 66
AR AR EIER K, RA RSN RIFHER , DU 7] & Bk,

6.1 HREREBEWRMITIE

FH Az U L o ) AR E R AL FE R . s R Y

g ¥ | 7] : | 1) PAY 3
HALAY AR R A RS ik
o =] s 3 :
B S A A A ARE T .
import numpy as np
import pandas as pd
import matplotlib. pyplot as plt
import seaborn as sns
import warnings
warnings. filterwarnings(" ignore")
import os
os.chdir('../data')
data = pd. read csv('datal.csv’)
data. head()
15 3t P
%5 B e . an P 6-1 B .
In [2]: data.head()
Cut[2]:
2 2 - SHEEE
" BAER B T AR AmEn HREH HREN SERE
2B g R T on w wm ﬂ FEA BAME  pabX C MOVING OTHER RENEWABLE ENERGY SMALL BUSINESS
= @ Ll
2
0 0417669 1.0 -1.142293 0465600 1.0 2.0 20 -0.268487 1.032480 -0.381014 .. 0.0 0.0 0.0 0.0
1 -0.124930 1.0 -1.880677 -0.150088 1.0 100 20 0272756 O0.041831 -0.381014 .. 0.0 0.0 0.0 0.0
2 -0.803088 1.0 -0.638188 -0.96%9661 2.0 100 3.0 -0.074261 -0.66B442 -0.381014 .. 0.0 1.0 0.0 0.0
3 -0.331118 1.0 -1.6880877 -0.355540 1.0 3.0 3.0 -0.268487 0.011931 -0.381014 .. 0.0 0.0 0.0 0.0
4 1177307 20 3.031694 1269438 6.0 100 30 0039781 -0.482416 -0381014 .. 0.0 0.0 0.0 0.0

5 rows = 72 columns

A 6-1  HodhE % R m
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data[ 'target']. value counts()
0 7963
L 2037

Name: target, dtype: int64

IR Ja R B s AT Ul o AR IT

allFeatures = list(data.columns)

allFeatures. remove( 'target')

X = datalallFeatures]

y = data[ 'target']

from sklearn. cross validation import train test split as sp

X train, X test, y train, y test = sp(X, y, test size=0.3, random state=1)

BN S BRI R 5 EIZRAR AL,

from sklearn. linear model import LogisticRegression as LR

lr = LR(random state=1)

lr. fit(X train, y train)

from sklearn import metrics

y_test label = 1r.predict(X test)

y_test value = lr.predict proba(X test)[:, 1]

print("MXEERER: {:.2%}". format(metrics. accuracy score(y_test, y _test label)))
print ("X 4 AUC & : {:.4]}". format(metrics. roc_auc_score(y test, y test value)))

i h A RUNT

MR EHEFHERE: 80.50%
Wik 4 AUC K : 0.6815

THEEH S5 NGk AT .

from sklearn. cross validation import KFold
kf = KFold(len(y train), 5, random state=1)
scores = []
for iteration, indices in enumerate(kf, start=1):
X train = X train.reset index(drop = True)
y _train = y train.reset index(drop = True)
lr = LR(random state=1)
lr. fit(X train.iloc[indices[0], :],y train. iloc[ indices[0]]. values. ravel())
y pred = lr.predict proba(X train.iloc[indices[1], :].values)[:, 1]
score = metrics.roc auc score(y train. iloc[ indices[1]].values, y pred)

scores. append(score)
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print('#EACWEL - ', iteration,': 84 = ', score)
print('Y#¥454r ', np. mean(scores))
y_test value = lr.predict proba(X test)[:, 1]
print ("Ml AUC J&: {:.4}'. format(metrics. roc_auc_score(y test, y test value)))

i h A RUNT

AR E1: 84 = 0.691516182342
BB 2: 184 = 0.666559048428
R 3: 184 = 0.666094545455
TR B 4: 184 = 0.670818425474
ERWKE5: 845 = 0.667348864361
EH78 47 0.672467413212

X, 2E AUC /& : 0.6797

1. blending

TH T ARG 2 blending Jrik. AH 58 1 JEA4E 8 2 £ 49 2 52 FF a] &L
AN DU (K S < BEALAR AR 5 2 R AR e R ) B A ] )T

B2

from sklearn. svm import SVC # FEmEL
from sklearn. naive bayes import GaussianNB as GNB # Fh % Dl mH-Hiy
from sklearn. neighbors import KNeighborsClassifier as KNN # K & i 4B
from sklearn. ensemble import RandomForestClassifier as RFC = FEHL TR AR
from sklearn. linear model import LogisticRegression as LR +# 2 15 [] 15
svc = SVC(probability = True)

gnb = GNB()

knn = KNN()

rfc = RFC(random state=1)
model = [svc, gnb, knn, rfc]
X train dl, X train d2, y train dl, y train d2 = sp(X train, y train, test size= 0.5,
random state=1)
X train d2 blending = np.zeros((X train d2.shape[0], len(model)))
X test blending = np.zeros((X test.shape[0], len(model)))
for j, clf in enumerate(model):
clf. fit(X train dl, y train dl)
y test value = clf.predict proba(X train d2)[:, 1]
s BRI RPEBIERANTME R, AP IIgGE, HTH 2 BEA
X train d2 blending[:, j] = y test value
A RPENMERIMN TSR, AR LE, TS 2 EEA
X test blending[:, j] = clf.predict proba(X test)[:, 1]
print( 'l £E AUC & : {:.4}'. format(metrics. roc auc score(y test, X test blending|:,
i1)))
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i 4 AUuC £ : 0.6301
ik % AuC & : 0.6521
X, AUC /& : 0.6105
K4 auC J&: 0.7953

#$1 2 % :

from sklearn. linear model import LogisticRegression as LR

1r = IR()

lr. fit(X train d2 blending, y train d2)

y test value = lr.predict proba(X test blending)[:, 1]

y test value= (y test value — y test value.min()) / (y test value.max() — y test value.min())
print('f &5, L4 AUC f&: {:.4} . format(metrics. roc_auc_score(y test, y test value)))

M A RUNT

B4 5, X4 AUC 2 : 0.7943

H e nT W, BRIA S B0 2 8 ] 3 38 K 4E | A AUC 2 0. 6815, Bl 451 I 5
HH) AUC & 0. 7943, bk BRI g & i 25 B4R A 1 16. 55 A4 .

2. stacking

T4 stacking 7 A B P AR 51 3R 5 blending 77 —#F . K FH B 72 X FF
] L AN ZE D3y (K f i RF AT PE DL AR AR .
w12,

X _train = np.array(X train)
y _train = np.array(y train)
X train stacking = np.zeros((X train. shape[0], len(model)))
X test stacking = np.zeros((X test.shape[0], len(model)))
from sklearn.cross validation import StratifiedKFold as SKF
skf = list(SKF(y train, 5))
for j, clf in enumerate(model):
X _test stacking j = np.zeros((X test.shape[0], len(skf)))
for i, (foldl, fold2) in enumerate(skf):
X train fold,y train fold, X test fold,y test fold= X train[foldl], y train|foldl],
X train[fold2], y train[fold2]
clf. fit(X train fold, y train fold)
y test value = clf.predict proba(X test fold)[:, 1]
X train stacking[fold2, j] = y test value
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X test stacking j[:, i] = clf.predict proba(X test)[:, 1]
X test stacking[:, j] = X test stacking j.mean(axis=1)
print( W34 AUC & : {:.4}'. format(metrics. roc auc score(y test, X test stacking[:,3j])))

AR .

k4 auc £ : 0.6578
WX 4E AUC B : 0.6635
X4 AUC J&: 0.6346
i, 2 AUC /& : 0.8557

w2 JE

from sklearn. linear model import LogisticRegression as LR

lr = LR()

lr. fit(X train stacking, y train)

y test value = lr.predict proba(X test stacking)[:, 1]

¥ IniEfb

v _test value = (y test value — y test value.min()) / (y test value.max() — y test value.min())
print('B &5, MiLHE AUC /&: {:.4} . format(metrics. roc_auc_score(y test, y test value)))

P 25 ] A0 T

B4, X4 AuC 2 : 0.8561

k2 [ 9 25 B AH X F blending XA 1 8 KBV H-
FF stacking HEE AN FEEHRIS =6 mlxtend, B 5T &% mlxtend. % 2
54 . pip install mlxtend. X5 ALAL . 4708 ACAB0T .

from mlxtend. classifier import StackingClassifier

from sklearn. model selection import cross val score

sclf = StackingClassifier(classifiers = model, meta classifier = lr, use probas = True)

for clf, label in zip([svec, gnb, knn, rfc, sclf], [ 'sve', 'gnb', 'knn', 'rfc', 'sclf']):
scores = cross val score(clf, X train, y train, cv=5, scoring= 'roc_auc')

print('roc_auc {}, {}'.format(scores.mean(), label))

BATERUT .

roc auc 0.6413919395505555, svc
roc _auc 0.6606336495667565, gnb
roc _auc 0.6203925329163198, knn
roc_auc 0.8019715220818838, rfc
roc_auc 0.8028352114075513, sclf
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import numpy as np

import pandas as pd

import matplotlib. pyplot as plt

import seaborn as sns

import warnings

warnings. filterwarnings(" ignore")

import os

os.chdir('../data')

data = pd.read csv('data2.csv')

allFeatures = list(data.columns)

allFeatures. remove( 'target')

allFeatures. remove( 'id')

X = data[allFeatures]

y = data[ 'target']

from sklearn. cross validation import train test split as sp

X train, X test, y train, y test = sp(X, y, test size= 0.3, random state=1)

S SORA SR

from sklearn. model selection import cross val score

def rmse cv(model) :
rmse = np.sqrt( — cross val score(model, X train, y train, scoring=

"neg mean squared error", cv = 5))

return rmse

X BV 48 bR o 38 LB Uk Je BY B iR 2
TG AR, SE A A B AR R ) 56 e OR AU IR

from sklearn. pipeline import make pipeline

from sklearn. linear model import Lasso # X7 7 H E 8
from sklearn. preprocessing import RobustScaler # B Y 43 o 2=
lasso = make pipeline(RobustScaler(), Lasso(random state=1))
score = rmse cv(lasso)

print('lasso 43%(f&{:.2f}'. format(score. mean()))

from sklearn. ensemble import RandomForestRegressor as RFR

rfr = RFR()

score = rmse cv(rfr)

print('rfr 43 %(J&{:. 2f} . format(score.mean()))

from sklearn. ensemble import GradientBoostingRegressor as GBR
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gbr = GBR()

score = rmse cv(gbr)

print('gbr 43 %(J&{:.2f} . format(score.mean()))
import xgboost as xgb

xgbr = xgb.XGBRegressor()

score = rmse cv(xgbr)

print('4r %2 (:.2f}" . format(score. mean()))
import lightgbm as lgb

lgbr = 1gb.LGBMRegressor( )

score = rmse cv(lgbr)

print( 4% R {:.2f}'. format(score.mean()))

BTG R

lasso 73 % & 2725. 84
rfr 0¥ 2 2489. 27
gbr ¥ J& 2502. 07
xgb 43 ¥ & 2502. 23
1gb 4 ¥ & 2321.25

1 PR A Stacking T A RG4S
Stackingl: X H 5 | —~38, |\ P & 2> 322 > 48 X 208 sE AT I 2k A i , 2% e
FR 3 == > # i) T 25 SR L oK H 38 R HAE O e 2L ) T 25 2R

from sklearn. base import BaseEstimator, TransformerMixin, RegressorMixin, clone
class AveragingModels(BaseEstimator, RegressorMixin, TransformerMixin):
def init (self, models):
self.models = models
def fit(self, X, y):
self.models = [clone(x) for x in self.models]
for model in self.models :
model. fit(X, y)
return self
def predict(self, X):
# 9 m a1 g
predictions = np.column stack([model.predict(X) for model in self.models ])
return np. mean(predictions, axis=1)
averaged models = AveragingModels(models = (lasso, gbr, xgbr, lgbr))
score = rmse cv(averaged models)
print('4r %2 (:.2f}" . format(score. mean()))

BATH R
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from sklearn. model selection import KFold
class StackingAveragedModels(BaseEstimator, RegressorMixin, TransformerMixin) :
def init (self, base models, meta model, n folds=5):
self. base models = base models
self. meta model = meta model
self.n folds = n folds
def fit(self, X, y):
self. base models = [list() for x in self. base models]
self.meta model = clone(self.meta model)
kfold = KFold(n splits = self.n folds, random state=1)
out of fold predictions = np.zeros((X.shape[0], len(self.base models)))
for i, model in enumerate(self. base models):
for train index, holdout index in kfold. split(X, y):
instance = clone(model)
self. base models [i].append(instance)
instance. fit (X[ train index], y[train index])
v pred = instance. predict(X[holdout index])
out of fold predictions|[holdout index, i] = y pred
self.meta model .fit(out of fold predictions, y)
return self
def predict(self, X):
meta features = np.column stack([np.column stack([model.predict(X) for model
in base models]).mean(axis=1) for base models in self.base models ])
return self. meta model .predict(meta features)
stacked averaged models = StackingAveragedModels(base models = (gbr, xgbr, lgbr),
meta model = lasso)
score = rmse _cv(averaged models)
print( ' ¥( &2 {:.2f}" . format(score.mean()))

T 25 2R A2

Ay ¥R 2468.76
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£ Step 1: LightGBM EEHEZHFT &
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import numpy as np

import pandas as pd

import matplotlib. pyplot as plt
import seaborn as sns

import warnings

warnings. filterwarnings( 'ignore')
import os

os.chdir('../data')

data = pd.read csv('data all values.csv')

e PR, A 7-1 B .

In [3]: data.shape

Gut[3]: (103434, 19)

In [4]: data.head()

| 7% tIESEBEETIHF (107)
-

Qut[4]: &
R® R RE BEARE AEFEESE DHeT HNL s B X |

BRE B SAE B If Bfy b2 il
u = ¥ peE = =B Lk ] i), BLCH target RREn P AlRNaoEL AMEE HicE s B W W
" iE rEF WxRE Ane | =

] & E i ]
j |
0 18000.0 1 789 58388 1 20 2 B0D00.D 3 0 debl_consolidation 30.76 0.0 0 Do 178 220 0.0 0.0
1 13000.0 1 5432 381.50 1 10.0 2 101800.0 3 o cradit_card 18.91 0.0 o a0 &7T5 21.0 0.0 00
2 5000.0 1 1048 16248 2 10.0 a 75000.0 3 ] othar 11.01 0.0 1 10 473 8.0 0.0 0.0
3 11100.0 1 532 33428 1 30 3 500000 3 o credit_card 18.81 0.0 0 oo 344 230 0.0 0.0
4 25000.0 2 2869 TBBB4 6 10.0 3 B3B07.4 1 0 debt consolidation 13.17 0.0 (i} 00 386 250 0.0 0.0

B 7-1 ¥ R B U R A

XA 103434 F7.19 5 B9 B dE .
HizZ s /KETHmuT .

data[ 'target']. value counts()
0 95087

I 8347

Name: target,dtype: int64

bR RERKFREEE 10 FLLT .

data copy = data.copy()
allFeatures = list(data.columns)
allFeatures. remove( 'target’')

for i in allFeatures:

print( ' & : {}MARKFEEE {11

'".format(i, len(data[i].unique())))

FeC AR A R SE AL T 5 R R, i R IR i 22 A T KRR 2R AE 10 R L

e

i



(108) Python#l383 5 — BB 5T FRAZ (IR |

TG RWTE .

TE: RREHHARKEHEEA 1481 4

TE: WXHRHYARAKEES 24

T FRPOARKFEESR 574

TE: BALKEFWARAKEEA 15228 4
HE: WHAEROARKEEE 74

B THEEROAFRAKEES 1040

Ta: FRIEANBARKEES 34

& FWABARFRKFEHEE 8454 1

TE: WAREH LCBIEHNARKFEES 34
TE: WHRAMNNMAFRKFEEE 1341

TE: AR ARFEAFESA 4196 4

AR S EFEMKAED 30 XU EREFERARKEES 224
AR gk e NANEEHKRBENARAKEES 6 4
TE: HEAIIERHENARAEASR 194
L E: BEEAERHENARKEHA 1085 4
TE: B EHMARKEHEA 108 4

A5 HE KR 8 B 3K AR BKSE A 420 4
TE: BEBENAFEKFEEA 181

AT UL, o 2R A8 m M e A8 | o il s

categorical var = ["BREKHIBR', "R EH, TIEER, BRAAN, WAREH LC Bk, K
HE', ' dExe MTHNEEANRE, HEBHE]

continuous var = ["WKEH', MR, BALXKEH ', FWA, HAafk, SEHEHX
N 30 R ERIB T, #HEAICEHERE, BERREHER, BEXEH, ERNE
i #km ]

ST AR R e . X B A LightGBM 8 gk 5 ot 47 3 B R HEF . B o0 28 & 3t
jli:j.*ﬁﬁﬁj:c

SRR
from sklearn. preprocessing import StandardScaler
sc = StandardScaler()
data[continuous var] = sc.fit transform(data[continuous var])
AR R
string var = list(data.select dtypes(include = ["object"]). columns)
col = list(set(categorical var) — set(string var))
data[col] = data[col].astype(int)
ERSRTREBIEREARRHTRGE
def Encoder(df, col, target):
encoder = {}
for v in set(df[col]):
if v == v
subDf = df[df[col] == v]
else:
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xList = list(df[col])
nanInd = [i for i in range(len(xList)) if xList[i] '= xList[i]]
subDf = df. loc[nanlnd]
encoder[v] = sum(subDf[target]) * 1.0/subDf. shape[0]
newCol = [encoder[i] for i in df[col]]
return newCol
string var = list(data.select dtypes(include = ["object"]).columns)
col = list(set(categorical var) & set(string var))
for i in col:
data[i] = Encoder(data, i, 'target')

BLAE 5 10 0 — B 2800, A 7-2 Bl

In [9]: data.head()

Cat[9]:

i
& *i
A >
2 e : B wERE L :
= SATR B = HRAR CEREF SRRE RS
aRew X - % ﬁ HEA D uoe AEAN ARME gl 2 i&ﬁ: ot . man :
m 6 m e T
" "W = b
_E .
"
I
0 0417400 1 -1.142543 0485334 1 2 2 =0.268366 3 0 0.084803 1.032481 -0.381038 0 =0.401308 -1.348827 -0.168258 -0.02245T7 0O
1 125176 1 -1.680814 -D.151171 1 10 2 D.272889 3 0 0.068410 0012113 -0.381038 0 4053237 0295178 -0.250077 -0.022457 0O
2 -0993140 1 -0B38450 -0960T3E 2 10 3 -0.074132 a 0 0.080148 -0.668120 -0.381038 1  1.083540 -0.127487 -1.2572090 -0.022457 0O
3 0331272 1 -1.680914 03556968 1 3 3 -0.268366 a 0 0068410 0012113 -0.381038 0 -0.401308 -0.661888 -0.0B2330 -0.022457 0O
4 1176821 2 3031348 1260065 6 10 3 0.038914 1 0 0084803 -04B2132 -0.387038 0 -D4071308 -D4B7S58 0.0B5500 -0.022457 0O

B 7-2 o REERE bR HEIL Z e B T8 R s

LightGBM R IR B 4f BT HE . B2 BEdR R /0 KA 1. B KX T one-hot 44 fi%
Y20 9%

"R E R AL KRR BAE N LightGBM Y 43 BERFAE

col = list(set(categorical var) — set(string var))
R RIS

import pickle

f = open('lgb col.pkl', 'wb')

pickle. dump(col, £)

f.close()

111%% BB

allFeatures = list(data.columns)

allFeatures. remove( 'target')

X = datal[allFeatures]

y = data[ 'target’]

from sklearn. cross validation import train test split as sp

X train, X test, y train, y test = sp(X, y, test size=0.3, random state=1)
LIEYVERT

f = open('lgb col.pkl', 'rh")

col = pickle. load(f)

f.close()
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"'LightGBM EEf& '
import lightgbm as LGB
params = {
'objective': 'binary’',
'boosting' : 'ghdt’,
'num_ leaves': 4,
'min_data_in leaf': 20,
'subsample’: 0.9,
'colsample bytree': 0.8,
'learning rate':0.09,
'tree learner': 'voting',
'metric’': 'auc'
}
dtrain = LGB.Dataset(X train, y train, categorical feature = col)
dtest = LGB.Dataset(X test, y test, reference = dtrain, categorical feature = col)
lgb = LGB. train(params, dtrain, valid sets = [dtrain, dtest], num boost round= 3000,
early stopping rounds = 100, verbose eval = 10)

BT AR T .

Training until validation scores don't improve for 100 rounds.
[10] training's auc: 0.670416 valid 1's auc: 0.668585

[20] training's auc: 0.67935 valid 1's auc: 0.675068
[30] training's auc: 0.68141 valid 1's auc: 0.67786
[40] training's auc: 0.684492 valid 1's auc: 0.679672
[50] training's auc: 0.687648 valid 1's auc: 0.681506
[60] training's auc: 0.689867 valid 1's auc: 0.682638
[70] training's auc: 0.691886 valid 1's auc: 0.683422
[80] training's auc: 0.693716 valid 1's auc: 0.683969
[90] training's auc: 0.695131 valid 1's auc: 0.684526
[100] training's auc: 0.69629 valid 1's auc: 0.68495

.697477 valid _1's auc: 0.685131
.69868 valid_1's auc: 0.685219
.699542 valid _1's auc: 0.685314
.700352 valid 1's auc: 0.685386
.701254 valid 1's auc: 0.685586
.702065 valid 1's auc: 0.685466
.702856 valid 1's auc: 0.685529
.70363 valid 1's auc: 0.685604
.704406 valid 1's auc: 0.685665
.704822 valid 1's auc: 0.68562
.705378 valid 1's auc: 0.685495
.70624 valid 1's auc: 0.685289
.706735 valid 1's auc: 0.685263
.707306 valid 1's auc: 0.685158
.7078 valid 1's auc: 0.68513
.708471 valid 1's auc: 0.685116

[110] training's auc:
[120] training's auc:
[130] training's auc:
[140] training's auc:
[150] training's auc:
[160] training's auc:
[170] training's auc:
[180] training's auc:
[190] training's auc:
[200] training's auc:
[210] training's auc:
[220] training's auc:
[230] training's auc:
[240] training's auc:

[250] training's auc:

o O O O O O O O O O O O O O O O O

[260] training's auc:
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[270] training's auc: 0.709135 valid 1's auc: 0.684981
[280] training's auc: 0.709565 valid 1's auc: 0.685044
[290] training's auc: 0.710201 valid 1's auc: 0.684811
Early stopping, best iteration is:

[191] training's auc: 0.704434 valid 1's auc: 0. 685696

UL B AR ISR 191 %8 I I 25 SRR VI 2R 2B auc &2 0. 70, J g #9003
£ auc /& 0. 68,
Tt EAARE RN,

""LightGBM B EM AL E

importace = list(lgb. feature importance())

allFeatures = list(1lgb. feature name())

featureIlmportance = zip(allFeatures, importace)

featureImportanceSorted = sorted(featurelmportance, key = lambda k: k[1], reverse = True)

plt. figure(figsize = (5, 10))

sns. barplot(x = [k[1] for k in featureImportanceSorted], y=[k[0] for k in
featureImportanceSorted])

plt. xticks(rotation= 'vertical')

plt. show()
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X BT 13 PR EENEE.

feature selection lgb = [k[0] for k in featureImportanceSorted[ :13]]

7.2 BT EXRE In(odds)FHITH

odds BIF L2z B . HiTBEARX N, odds=FE P LM/ E A HeEl. IR i%iE
H&Z P %2, In(odds) >0; K 2Z .In(odds)<<0.

B et et iartrd ast s et atiisiatt crandianted et et ded s itatst
# Step2: FETETH
e T e e e e et
data = data copy. copy()
data = data[feature selection lgb + [ 'target']]
data copy = data.copy()
" AR B R BR In(odds) #EAT 4RAS
def Ln odds(df, col, target):
total = df.groupby([col])[target]. count()
total = pd.DataFrame({ 'total': total})
bad = df.groupby([col])[target]. sum()
bad = pd.DataFrame({'bad': bad})
regroup = total.merge(bad, left index = True, right index= True, how = 'left')
regroup. reset_index(level = 0, inplace = True)
N = sum(regroup[ 'total’])
B = sum(regroup[ 'bad'])
regroup[ 'good'] = regroup[ 'total'] — regroup| 'bad']
G=N-B
regroup[ 'bad pcnt'] = regroup[ 'bad'].map(lambda x: x * 1.0/B)
regroup[ 'good pcnt'] = regroup| 'good'].map(lambda x: x * 1.0 / G)
regroup[col + ' WOE'] = regroup. apply(lambda x: np. log(x.good pcnt * 1.0/x.bad pent),

axis = 1)
df = pd.merge(df, regroup[[col,col+ ' WOE']], on=col, how= 'left')
return df
RIS

categorical var = list(set(categorical var) & set(feature selection lgb))
categorical_var = [, 'BEKRAEMR, WHFH, S 6 A NEEMKE, T
FFR]
for i in categorical var:

data = Ln odds(data, i, 'target')

sns. pointplot(x=1i, y=i+ ' WOE', data = data)

plt. xticks(rotation= 0)

plt. show()
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LM ] TE;T\._,L% ,H T
data = data copy. copy()

= "RRFR
data[i] = data[i].apply(lambda x: 2 if 2<=x<5 else x)



(114) Python#les % 5 — BB AT 5T 0 FREGIRKR) |
O

data[i] = datal[i].apply(lambda x: 3 if x>=15 else x)
data = Ln odds(data, i, 'target')

sns. pointplot(x=1i, y=i+ ' WOE', data = data)

plt. xticks(rotation=0)

plt. show()
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2. EFE"TEX 6N AARKERRE 74

i= kX6 /HANBEEINKE

data[i] = data[i].apply(lambda x: 4 if x> 3 else x)
data = Ln odds(data, i, 'target')

sns. pointplot(x=1, y=1i+ ' WOE', data = data)

plt. xticks(rotation=0)

plt. show()
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3. ZE"TIEFR "o H

i = "TAE4ER"

data[i] = data[i].apply(lambda x: 1 if 1<=x<5 else x)
data[i] = data[i].apply(lambda x: 2 if x>=5 else x)
data = Ln _odds(data, i, 'target’)

sns. pointplot(x=1i, y=i+ ' WOE', data= data)

plt. xticks(rotation= 0)

plt. show()
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# Step3: EZET R

PR R R R R R R R R R R R R R R R R R R e R R RS

data = pd.read csv( 'L E 7. csv')

continuous var = list(set(continuous var) & set(feature selection 1lgb))

continuous var = ['HRKER ', BALKKEH ', HEFEMFINEY 30 XL BT,
RS, FIWRA, FIFR, ARt BEENERHE ]

describe = data[continuous var].describe().T[[ 'max’, 'min']]

SRR A

i= "RRERER

sns.distplot(data[i][data[ 'target'] == 0].dropna(),color = 'blue’)
sns. distplot(data[ i][data[ 'target'] == 1].dropna(),color = 'red')
plt. show()

bins = [ -1, 20, 30, 200] A& AHAMA, MEATEHEIL O, IBATEL -1 FIH
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cats = pd.cut(list(data[i]), bins, precision= 0)

cats. value counts()

data[i+ "#H%|'] = pd.Series(cats)

data = Ln odds(data, i+ '#H %', 'target')

sns. pointplot(x=i+ "#HH|', y=1i+ ' 5| WOE', data = data.sort values(i+ 'ZH %l WOE',
ascending = False))

plt. show()

AR B ER AR 7-8 iR,

(-1, 20] (20, 30] (30, 200]
B E AR

& 7-8 “BEXERHIM WOE 4i% o4 B E
(2) ZBE“FHALXREEH” 74

i="BHARXREH"

sns. distplot(data[i][data[ 'target'] == 0].dropna(),color = 'blue’)
sns. distplot(data[i][data[ 'target'] == 1].dropna(),color = 'red')
plt. show()

bins = [ -1, 300, 750, 2000]

cats = pd.cut(list(data[i]), bins, precision=0)

cats. value counts()

data[i+ 'ZH%l'] = pd.Series(cats)

data = Ln odds(data, i+ '@ %', 'target')

sns. pointplot(x=1i+ " H', y=1i+ '#H 5| WOE', data=data.sort values(i+ 'ZH %] WOE',
ascending = False))

plt. show()

™

WEBAAREeH " rRAGERUE 7-9 Fias.,
(3) R EMEMERNAEL 30 KU ERECTF 558

i= FEREMKAED 30 XL EREFE

sns. distplot(data[i][data[ 'target'] == 0].dropna(),color = 'blue’)
sns.distplot(datali][data[ 'target'] == 1].dropna(),color = 'red')
plt. show()

bing = [—1, 1, 50]
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cats = pd.cut(list(data[i]), bins, precision= 0)

cats. value counts()

data[i+ "#HH%|'] = pd.Series(cats)

data = Ln_odds(data, i+ '#5', 'target')

sns. pointplot(x=i+ "#HH', y=1i+ ' 5| WOE', data = data.sort _values(i+ 'ZH %l WOE',
ascending = False) )

plt. show()

a2 =2 9
o - (%]

5 iR e AR _WOE
|
=

-0.2
-0.3
-0.4
(-1, 300] (300, 750] (750, 2000]
/AT EFE

B 7-9 “BAXKEEHHHHE WOE 4545 B nE
AR EWAAEME RG] 30 KU ERBFE"EESE R A 7-10 Fis,

0.00
-0.05
-0.10
-0.15
-0.20

-0.25
(-1, 1] (1,50]
i3 =AM EIE30X L LA E T A3

S &M EEFRARH30X L LA EFES_WOE

B 7-10 “dEmEMK NG 30 XU EREFE"HHN K WOE 41534504 B s E
(4) ZE“BER /"5

i= "EHem

sns. distplot(data[i][data[ 'target'] == 0].dropna(),color = 'blue’)
sns.distplot(data[i][data[ 'target'] == 1].dropna(),color = 'red')
plt. show()

bins = [ -1, 10000, 20000, 50000]

cats = pd.cut(list(data[i]), bins, precision=0)
cats. value counts()

data[i+ '#H%]'] = pd.Series(cats)
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data = Ln odds(data, i+ 'ZH %', 'target')
sns. pointplot(x=i+ "¢ A", y=1i+ "¢ 5] WOE', data=data.sort values(i+ 'ZH 5] WOE',

ascending = False))
plt. show()

WENREFH AR NE 7-11 i .

0.2

2
—_

B EmEs_WOE

(-1, 10000] (10000, 20000] (20000, 50000]
TR EEAEn

M 7-11 “BEsk&B”H M/ WOE %% 65748 & 7

(5) Zm“FIWA"n

i= “EA

sns.distplot(datal i][data[ 'target'] == 0].dropna(), color = 'blue’)
sns.distplot(data[i][data[ 'target'] == 1].dropna(),color = 'red')
plt.x1im([0,1000000])

plt. show()

bins = [ -1, 150000, 300000, 10000000]

cats = pd.cut(list(data[i]), bins, precision=0)

cats. value counts()

data[i+ 'éH%'] = pd.Series(cats)

data = Ln odds(data, i+ '#ZH5', 'target')

sns. pointplot(x=1i+ "@HH', v=1i+ '@ %] WOE', data =data.sort values(i+ 'ZH 5l WOE',
ascending = False))

plt. show()

BREFWA" TSR WA 7-12 s .
(6) AZH“H=HR"5rH8

i= "R
sns.distplot(datal i][data[ 'target'] == 0].dropna(), color = 'blue')
sns.distplot(datali][data[ 'target'] == 1].dropna(),color = 'red')
plt. show()

bins = [0, 8, 13, 50]
cats = pd.cut(list(data[i]), bins, precision=0)

cats. value counts()
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data[i+ '"éH%]'] = pd.Series(cats)

data = Ln odds(data, i+ 'ZH %', 'target')

sns. pointplot(x=i+ "#HH|', y=1i+ '#H 5| WOE', data = data.sort values(i+ '#H %l WOE',
ascending = False))

plt. show()

FUgNER_WOE
o o o
Psd L N9

=
i

0.0

(300000, 1000000] (150000, 3000000] (-1, 150000]
FUTNHZ

/| 7-12  “4Edt A B WOE 4S54 B %
AECHR prfEGE R WA 7-13 i,

1.25
1.00
0.75
0.50

0.25

FlZ&H5_WOE

0.00
-0.25

-0.50
(0, 8] (8, 13] (13, 50]

FI A
Bl 7-13  “FIFR"HH K WOE st 54 & R K

(7) /" A it oH

i="AlMmE

sns. distplot(data[i][data[ 'target'] == 0].dropna(),color = 'blue’)
sns.distplot(data[i][data[ 'target'] == 1].dropna(),color = 'red')
plt.x1lim([0,200])

plt. show()

bins = [ -1, 20, 1000]

cats = pd.cut(list(data[i]), bins, precision= 0)

cats. value counts()

data[i+ '#%'] = pd.Series(cats)

data = Ln_odds(data, i+ 'ZH %', 'target’)

sns. pointplot(x=i+ "#HH', y=1+ "4 5| WOE', data = data.sort values(i+ 'ZH %/ WOE',
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8,

ascending = False))
plt. show()

AR H R A R WA 7-14 P

0.15

2
—
=]

o
o
o

<
o
(=]

A fuffi L 48%)_WOE
S o
> &

-0.15

(=1, 20] (20, 1000]
A fafELag)

B 7-14  “A A7 E 3/ WOE %5 65 7 46 & 7

(8) ALk " BE 7R H o =7 48

i = "BEFEFEHER

sns.distplot(data[i][data[ 'target'] == 0].dropna(),color = 'blue')
sns. distplot(data[i][data[ 'target'] == 1].dropna(),color = 'red')
plt. show()

bins = [ -1, 50, 200]

cats = pd.cut(list(data[i]), bins, precision= 0)

cats. value counts()

data[i+ '#%'] = pd.Series(cats)

data = Ln odds(data, i+ '#5%|’', 'target')

sns. pointplot(x=i+ "&HH|', v=1i+ '#H 5| WOE', data = data.sort values(i+ 'ZH 5l WOE',
ascending = False))

plt. show()

AR PRI E R RS R ANE 7-15 B,

CRAESCHE
col = []
for i in list(data. columns):
if i.find(' WOE')<O:
col. append(1i)
data = data[col]
data. to csv('4rFA5C M. csv', index = False, encoding = 'utf —8')
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0.10

o
=
o

0.00

oA IEINE A 2B 5] _WOE
)
=

-0.10

(-1, 50] (50, 200]
#ERIME FHEAR

& 7-15 “HEFHEHEHHE WOE 415558 B B

7.3 & WOE 51V &

HEHE AL H (weight of evidences WOE) A T il B & 48 WK Lt , WOE B £ (B B
K. EZHBRHATHHREARBEZ, TV HHKZ WOE & X6 {5 Bk E .

PR R R R R R R R R R R R R r R R E R R R R R EEE
£ Step 4: i} WOE 1 IV
PR R R R R R R R R R R R R R R R R R R R R R R R R R R
def CalcWOE(df, col, target):
total = df.groupby([col])[target]. count()
total = pd.DataFrame({'total': total})
bad = df.groupby([col])[target]. sum()
bad = pd.DataFrame({'bad': bad})
regroup = total.merge(bad, left index = True, right index= True, how = 'left')

regroup. reset_index(level =0, inplace = True)

N = sum(regroup| 'total']) I EBHEER

B = sum(regroup[ 'bad']) #itE AL
regroup| 'good'] = regroup| 'total'] — regroup| 'bad’]
G=N-B

regroup[ 'bad pent'] = regroup[ 'bad'].map(lambda x: x * 1.0/B)
regroup[ 'good pent'] = regroup| 'good'].map(lambda x: x * 1.0 / G)
regroup[ 'WOE'] = regroup. apply(lambda x: np. log(x.good pent * 1.0/x. bad pent),axis=1)
WOE dict = regroup[[col, 'WOE']]. set index(col).to dict(orient = 'index')
for k, v in WOE dict. items():

WOE dict[k] = v[ 'WOE']

IV = regroup.apply(lambda x: (x.good pcnt — x.bad pecnt) *

np. log(x. good pent # 1.0/x. bad pent), axis=1)

IV = sum(IV)

return {"WOE" : WOE dict, 'IV': IV}
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all var

=0

for i in list(data.columns):
if i.find('#HH]"') > 0:
all var. append(i)

all var = all var + categorical var
WOE dict = {}
IV dict = {}

for var in all var:
CalcWOE(data, var, 'target')

woe iv =

WOE dict[var]

IV dict[var]

woe iv[ 'WOE']
woe iv['IV']

PRAE P e — T &E . an &l 7-16 B,

In [36]: data.head()

Qut[36]s ] 3
= g2 B I BER &B H

SEE % Af °2 pme g g DEATER L py g SEATER .. gy g FROER

HE B SN ARENE .. target AdfimaoFnl L
REE 8 Mk ™ o % F BE 26 T

B BlEMETF EHMTFER Rl =g

% B @ B 2 @83 %) -

@0, (300, (10000, (1, @ (20, {1,

0 799 58398 178 30,76 220 180000 600000 1 1 0.0 1.0 i} 30} 750] -1,1] 20000] 150000] 8 1000] 50]

20, (300, (10000, (1, © (1, (50,

1 532 391.50 575 1891 210 13000.0 101800.0 1 1 oo .. 20 0 a0) 750] -1, 1) 20000] 150000} 8] 20] 200]

(., (., B E

2 149 16249 473 1.1 90 SDOO0 7S0000 1 2 00 .. 20 0 20] 300] 1.1 10000] 150000] 13] 200 50]

20, (300, (10000, (1, @ (1, 1,

3 532 33428 344 1891 230 111000 GO0ODDO 1 1 0o .. 10 0 30] 750] -1,1] 20000] 150000] 8] 20] 50}

{20, (750, : {20000, -1, (13, £, B,

4 2868 78BBB4 386 1317 250 250000 838074 2 3 0.0 20 0 30]  2000] (-1,1] 50000] 150000 50] 200 50]

5 rows x 22 columns
B 7-16  7F4r R & o s

=g

7.4 1ZiE[O

12 3 [0] 9 (Logistic Regression) . IR 2 F b A3 “ [0 19”7 89 5 % . {H H 52 i A 22
— M B ISR, E R T e, 2 W A] LLE T logistics BRI, B
fiF 25 [6] B S A S i R AR RIME R . R AR & WOE BRIV EZ )5, 3 al LAXE
WOE 728 5 #1T7 logistics Mt , 315 Ho A 4k dan BAME %

PR R R R R R R F R R P E R R R H R

¥ Step5: ZHBFIHER

B R R R R R R R R R R R R R R P R R R R P R R R R R R R RS

B IV>=0.02 R

IV _dict _sorted = sorted(IV dict. items(), key = lambda x: x[1], reverse = True)
[i[0] for i in IV dict sorted]

[i[1] for i in IV dict sorted]

IV name =

IV values =
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high IV = {k:v for k, v in IV dict. items() if v>= 0.02}
high IV sorted = sorted(high IV. items(), key= lambda x:x[1], reverse = True)
print ("M 3t% ', len(high IV sorted), A& IV>= 0.02')

BITE R .

BIHE 6 MR IV>= 0.02
'@l E WOE AR
short list = high IV.keys()
short list 2 = []
for var in short list:
newVar = var + ' WOE'
data[newVar] = data[var].map(WOE dict[var])
short list 2.append(newVar)
CIFEMXRREERE MR SEE LS TEEMACERBHOATE
dataWOE = data[short list 2]
corr = round(dataWOE. corr(),2)
mask = np.zeros like(corr, dtype = np. bool)
mask[np. triu_indices from(mask)] = True
plt. figure(figsize = (5, 5))
cmap = sns.diverging palette(220, 10, as cmap = True)
sns. heatmap(corr, mask = mask, cmap = cmap, center =0, annot = True, cbar kws = {"shrink": .5})
plt. show()

BATERME 7-17 B,

&5 AEREmEs_WOE

%%Iﬁﬁ?ﬁﬂlJ_WﬂE

FE=A7 WOE 011 0.16

0.8
0.6
0.4

BfaMtkAs WOE 002 002 0.14
0.2

$MBEH_WOE 011 043 0.13 0.0

dE6/AMEEig R WOE 002 0 015 0.01 0.13

§ AEREEmA_WOE
Gy aEE A _WOE
FZEAEZ_WOE
AffEEAER]_WOE
HMEFH_WOE

64 A N#ERRE_WOE

/| 7-17 6 41AERM WOE xR HBHE
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HTEMXRBZE AFEZIELZEILLERG ., P2 ELLENRER EE
REHEEKHETF. HEIKHA T (Variance Inflation Factor, VIF) /&8 i # 48 & 2 [A]
FHEZEILEHNY T EZ S A FEZS EILLMNM I EZ2Z 1., VIF HlR, LRI
LM E, 2B A T EERERA. o< VIF<I0, AFEELZEILLME; 4 10
VIF<<100, fFE R M 2 H ALt 24 VIF=100, e/~ E 2 EIL L M,

" T 2 SRR < 10 B
col = np.array(data[short list 2])
from statsmodels. stats. outliers influence import variance inflation factor as vif
for i in range(len(short list 2)):
print ('{} VIF /&{}'. format(short list 2[i], vif(col, i)))

BATE R

B HAREE 4 WOE VIF J& 3.1504765201473144
R 4 E 4% WOE VIF J& 3.1868414919401897

F| %240 5 WOE VIF /& 2.1775374815158592

A it 4H B WOE VIF & 1.0255937275175637
FRERSE 4% WOE VIF J& 2.1297714474712253

i3 6 4~ B Pk i B WOE VIF J& 1.0298508719860746

i E L R ZBAFES EILL W G 2w JE T 850 MER P A

"W A

X = data[short list 2]

X[ 'intercept'] = [1] * X. shape[0]
y = datal 'target’]

import statsmodels. api as sm

1r sm= sm. Logit(y, X).fit()

1r sm. summary( )

BATEERMAE 7-18 Fias .
AR EWT.

X = data[short list 2]

y = data[ 'target']

from sklearn. cross validation import train test split as sp

X train, X test, y train, y test = sp(X, y, test size=0.3, random state=1)
from sklearn. linear model import LogisticRegression as LR
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ac|3t]s Logit Regression Results
Dep. Variable: target No. Observations: 103434
Model: Logit Df Residuals: 103427
Method: MLE Df Model: 6

Date: Sun, 18 Mar 2018 Pseudo R-squ.: 0.04845
Time: 16:33:07 Log-Likelihood: -27605.
converged: True LL-Null: -29010.
LLR p-value: 0.000

coef std err z P>jz| [0.025 0.975]
SEERSHES WOE -1.0481 0.098 -10.661 0.000 -1.241 -0.855

HESEHEN WOE 06825 0.124 5497 0.000 0439 0.926
figEH WOE -06757 0020 -23.313 0.000 -0.733 -0.619
AfifELLE% WOE -05186 0072 -7.213 0.000 -0.660 -0.378
HRS4 WOE -05519 0029 -18.903 0.000 -0.609 -0.495

&6 T BAMENXM WOE -06137 0053 -11.500 0.000 -0.718 -0.509
intercept -2.4398 0,012 -202.610 0.000 -2.463 -2.416

Bl 7-18 6 PARM R EESREMRA

lr = LR(random state=1)

lr. fit(X train, y train)

from sklearn import metrics

y test label = lr.predict(X test)

y_test value = lr.predict proba(X_ test)[:, 1]

print("MiXEHEFHFRRE: {:.2% }'. format(metrics. accuracy score(y_test, y test label)))
print ('JjiX £ AUC &: {:.4}'. format(metrics. roc_auc_score(y test, y test value)))

EITE R .

W EEFRER: 91.82%
X4 AUC B : 0.6683

7.5 fIBESF

£ 1 72 B RS B HE AR BE AN AUC /Y W] 45 52 Y0 A 1T LA B AR AR R gt 47 B AR i
o0 E 8 TSR AR B R IUE T #9155

PR R R R R R R R R R R R R R R R R R B R R R R R R e R
# Step 6: BIEIESFR

PR R R R R F R R R H R R R R R R R RS
b = 1r. intercept # #IE
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coe = lr.coef # A2

a0 = coe[0][0] #H—PEENRR
al = coe[0][1]
a2 = coe[0][2]
a3 = coe[0][3]
ad = coe[0][4]
a5 = coe[0][5]
A = 500

PDO = 20 # B I 20 4, odds 30 1 %
B = PDO/np. log(2)

"R BHAREE RAREMES

WOE dict[ '@ H ik EHAHF '] ¥ IRELF S key, B2 B K FH
woel = WOE dict[ ‘A RKEHMAH '1['(-1, 300]']

scorel = — (B * a0 * woel) + (A—B#* b)/dataWOE. shape[0]

woe2 = WOE_dict[ & HilZX L&A B '1['(300, 750]"]

score2 = — (B * a0 * woe2) + (A-B#* b)/dataWOE. shape[0]

woe3 = WOE dict[ '@ AR S A '1[ (750, 2000]']

score3 = — (B * a0 * woe3) + (A-B=*b)/dataWOE. shape[0]

"X R Y SQL ]

case

when 0 <= '"§H AKX 4L %i'<= 300 then 7
when 300 < "B H A KL '<= 750 then — 1
when "B H A KL %i'> 750 then — 11
else 0 # DLl %52 55 5\ kb sk R0 ) 5k 2

AR REAREH R ERS
WOE dict[ '"B¥ak &% H 5 ']
woel = WOE dict['"WEKEHAB '1['(-1, 10000]']
scorel = — (B * al* woel) + (A—B* b)/dataWOE. shape[0]
woe2 = WOE dict['"B¥aEk& @4 % '1['(10000, 20000]"']
score2 = — (B * al % woe2) + (A-B=*b)/dataWOE. shape[0]
woe3 = WOE_dict[ '"$¥zX£& %4 7! '1[ (20000, 50000]']
score3 = — (B * al * woe3) + (A—B*b)/dataWOE. shape[0]
VNN Y SQL i A)
case
when 0 <= "$¥3X4&%i'<= 10000 then -3
when 10000 < "FX¥#X 4% '<= 20000 then 1
when '"H¥ X4 %ii ' > 20000 then 4

else 0

IR FIE R
WOE_dict[ 'Fi| Z2 4 5 ']
woel = WOE_dict['A|RZHH|'1['(0, 8]']
scorel = — (B ¥ a2* woel) + (A—B#* b)/dataWOE. shape[0]
woe2 = WOE_dict[ 'FIZEHH'1['(8, 13]']
score2 = — (B * a2 % woe2) + (A—-B*b)/dataWOE. shape[0]
woe3 = WOE_dict[ 'FIZ& 7 ']1['(13, 50]"']
score3 = — (B * a2 * woe3) + (A—-B# b)/dataWOE. shape[0]
%t R B SOL i A7
case
when 0 < 'f|%'<= 8 then 25
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when 8 < 'fl/#'<= 13 then 8
when '3 '> 13 then — 8
else 0

ElE Al ARG S
WOE_dict[ 'H A fit b 4 51 ']
woel = WOE_dict['H ffiHd M 1['( -1, 20]']
scorel = — (B * a3 % woel) + (A—B=#* b)/dataWOE. shape[0]
woe2 = WOE_dict['H ffit b4 [ '(20, 1000]']
score2 = — (B * a3 * woe2) + (A-B=* b)/dataWOE. shape[0]
%t B A9 SOL i 4]
case
when 0 < 'H fifiilk '<= 20 then 2
when 'H fifii . > 20 then — 3
else 0

R RERER RTRES
WOE dict[ '"BFEkF 4 ']
woel = WOE_dict[ "fX#EHR "1[1]
scorel = — (B * ad * woel) + (A—B* b)/dataWOE. shape[0]
woe2 = WOE dict[ PN HFEH'1[2]
score2 = — (B * ad * woe2) + (A-B#* b)/dataWOE. shape[0]
woe3 = WOE_dict[ "ENFER '1[3]
score3 = — (B * a4 * woe3) + (A- B b)/dataWOE. shape[0]
"X Y SQL i)
case
when BRI %' = 1 then 20
when '"PXEKE4 ' = 2 then 0
when " %E %' = 3 then — 17
else 0

ElE ke MARNIEMRE RSB S
WOE_dict[ id 2 6 A WA RIS ']
woel = WOE dict['ifZ 6 A A#&EIMKE 1[0]

scorel = — (B * a5 % woel) + (A—B#* b)/dataWOE. shape[0]
woe2 = WOE_dict[ it 6 1 H N &M KE ' 1[1]
score2 = — (B * a5 * woe2) + (A—B#* b)/dataWOE. shape[0]
woe3 = WOE dict[ i 6 I~ H A& k%' 1[2]
score3 = — (B * a5 % woe3) + (A-B* b)/dataWOE. shape[0]
woed = WOE dict['if 2 6 I~ H N A k%' 1[3]
scored = — (B * a5 % woed4) + (A-B* b)/dataWOE. shape[0]
woe5 = WOE dict['id 2 6 ~H A#&E KL 1[4]
score5 = — (B * a5 * woe5) + (A—B#*b)/dataWOE. shape[0]

" N A SQL i /A

case
when 1% 6 PH N EMKE = 1 then 3
when 7% 6 ™ H A AEMKE' = 2 then -2
when '112% 6 N H NBZEMKE = 3 then -5
when i 6 NPH B EMKE = 4 then - 10
when 13% 6 NH A ZEBHIKE = 5 then — 12

else 0
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i, n] AR P8 case when B H 51~ X 8] 1915 43, 28 J5 B4 45 0 A0 . B n] 48 31 247,
Z A B Rk & Rl g P R R R A B,

SELECT LOAN_NO, (B H A &M + WA LD + FIFE + ARt + FXEFR+ T XL 6 THAHEEN
%) AS risk score

FROM
(SELECT
LOAN_NO,
CASE
WHEN 0 <= %5 H A 24 %fi <= 300 THEN 7
WHEN 300 < £§ A ih 24 %i <= 750 THEN -1
WHEN 45 H i 3k & % > 750 THEN — 11
ELSE 0 # LUk 55 3% 8 o kb sk A0 0 5k e
END 8 H A KL 4,
CASE
WHEN 0 <= T¥3X4&%i <= 10000 THEN -3
WHEN 10000 < $¥ &4 %i <= 20000 THEN 1
WHEN $¥ 2k 4 % > 20000 THEN 4
ELSE 0
END % 3 £ 4l ,
CASE
WHEN 0 < % <= 8 THEN 25
WHEN 8 < | % <= 13 THEN 8
WHEN #| 2 > 13 THEN - 8
ELSE 0
END i %,
CASE
WHEN 0 <H fiffi <= 20 THEN 2
WHEN A i {it k> 20 THEN — 3
ELSE 0
END H i fit k.,
CASE
WHEN f¥3X % 4% = 1 THEN 20
WHEN f¥ 2% 4% = 2 THEN 0
WHEN $¥ &% 4% = 3 THEN — 17
ELSE 0
END ¥ 3K 4,
CASE
WHEN i 2% 6 1~ H Mg 2 k%L = 1 THEN 3
WHEN i3 25 6 N H B K E = 2 THEN -2
WHEN 332 6 ™ H A B A KE = 3 THEN -5
WHEN i3 2% 6 1~ H e &% = 4 THEN - 10
WHEN i3 2% 6 M H A g &K EL = 5 THEN - 12
ELSE 0
END 32 6 4~ H g 2 i I3,

FROM %i( 4§ FE 7 %F W7 f) 22 ) GROUP BY LOAN_NO
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7.6 BETHEWITN A5 LS

13 00 i el = 90 D R (IR RS N ol R e o

PR 7B T o R R Y auc ks $8 08 DLAL B A X 43 BE 2R 906 il
2% . I H B 2Oy ik KRV o g A 3k

PR s R BN R A B, — AR AR AR . — A AU IR R

AR FRE P Ae bn £ 2218 PSUE . — ok U, 402 PSI{EAE 0. 25 LAF, 0 352 B
PR ASE B . BRI LASE  ab n] DA 228 5 5 M o0 A 4 AT 0 o A i i

P RY YA R P48 b 2 59248 kendalls” tau {H , (B8 823 1, U8 B Ja 91 R 7 0 8 b
Ao B0 T B B B B L o BB A8, BRI DA A L 38 T DL AR R UL B it £k L e i
IR 1At A i 55 A A X gy B R 4

1.7 g
A FEANZT FOIEES AR A A TR, IR AR A 1 5 OB IR 2R 1 45 75

AR #IEAT T VR b . e A R b, — S8 00 M A TR RN 4 AE L 55
XA R XS Tl 5 A A SR E X

ju
T

N



£ 92 R R FA o L GUEERE 32 R 26 75 1 ORI HCAB P 36k Neotj DAV
2 A 00 PR BCH 2 — . Neodj ok O P b ik 52 7T LB . (o] e
B UG 5 5 S 2 A R, Neot W AWM EREM gy
R 81 TR » o A 04 B T AR B 3

&l 8-1 Neod; T3 18] #J 5% & &

TE 4 il I, ] DL R A3 M 2% A R R Bk R P L R BB VE AL XL 3R B 35 BR P
B HA SR, 7T LA Neodj #4938 52 I HE 77 51 55 L Q)8 75 B A koAt 22 ) 4% . B /2 T2 3 £
WA NEESE . A G Neodj, — J5 il 72 & K2 w7 Ok MR 8 /Y #1232 X 25 ]
it . 73— 75 i 52 Al LU Python 55 Neodj 04 e E A7 3% £2 . RS AR )7 i b 5 2048 /%
AT H, AT 5 FE—1% =77t Py2Zneo BI A, L3R E AN « pip install pyZneo,
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8.1 Neodj I THEZRE

Neodj H RZ A . A IR 55250 A AL X G 8 S AR, — R B, AR AR
S NS A L8 RS N ST RSO B () s AR5 s 4k N 5 B AR 55 25 b, U
TP HA AT DR A0SR B B R 0 R TR ] B AT 2% W 35 % Al Ik 55 8 Wi 1

Neodj BB J 88 # ik M. https://neodj. com/, M E 8-2 Fin. B E A
Download #%4£H . Bp Al it AT 2% 0t . 40 &l 8-3 Pz~ . B 2 T A 9 DOWNLOAD NEO4]
SERVER %4l , 1] I B 8 Z 1) Neodj A, Wi 8-4 Frn . L3P TRIFILHE R D,

@@ neoy) vers soumon o . Q seach

RECOMMENDATIONS

How Neo4j enables real-
time, personalized
recommendations for the
world'’s largest retailer

h @

Kl 8-2 Neodj EHEH ILERE

@®neoy] proDUCT - ; wmorss  [GUSaeh
Download Neo4j
Experience Neo4j on Your
Desktop

Free. Get Started Today

powWNLOAD [+ )

[l 8-3 Neodj B A FHEETEERE



(132) Python#le8 23— MBI 54 FRRBORM |
O~

Neo4j Pre-releases

Get an Early Peek at Neo4j 35

Neodj 3.5.0 alpha01 - For Development Only Release Notes
By downloading and installing this pre-release software, you agree to the terms of the Pre-Release Agreement for Neo4dj Software
and will be automatically enrolled in our feedback program. Check out our User Experience Improvement Program for details.

Community Edition Enterprise Edition
Neo4j 3.50 alpha01 (Windows, zip) Neo4| 35.0 alpha01 (Windows, zip)
S5HA-256 SHA-256
MNeo4j 3.5.0 alpha01 (Linux/Mac, tar) Neo4j 3.5.0 alpha01 (Linux/Mac, tar)
SHA-256 SHA-256

Neo4j Desktop

Mac Neod] Deskiop (dmg)
Linux Meod| Desktop (Applmage)
Windows Neodj Desktop (exe)

Kl 8-4 Neodj A [F] Wit 4~ 5 [ & 7 ]

Community Edition J&4t X it . Enterprise Edition J& 4>k it - Neo4j Desktop & 5
i W » Neodj Pre-releases /& AfTHI I . — MR UL, FEBERAMA . U2 EH
HiBK fpr . A T # A &2 Mac Wt Neodj-community-3. 3. 2-unix. tar. Neo4]
i % jdk 8 L EAREIZAT, A AT E 4% jdk 8. jdk 8 Ay BK %% U7 ik 1F LI 5% E.

AL B A DG . 7E Mac T 47T Neodj B A& &, /neodj start, {1 & 8-5 fr7x,

zhaikundeiMac:bin zhaikun$ ./neo4j start
Active database: graph.db
Directories in use:

home: /Users/zhaikun/neo4j

config: /Users/zhaikun/neo4j/conf

logs: /Users/zhaikun/neo4j/logs
plugins: /Users/zhaikun/neo4j/plugins
import: /Users/zhaikun/neo4j/import

data: /Users/zhaikun/neo4j/data
certificates: /Users/zhaikun/neo4j/certificates
run: /Users/zhaikun/neo43j/run

Starting Neo4j.

Started neo4j (pid 1280). It is available at http://localhost:7474/
There may be a short delay until the server is ready.

See /Users/zhaikun/neo4j/logs/neo4j.log for current status.
zhaikundeiMac:bin zhaikun$ J§

El 8-5 Mac kil Neodj J3 3 5 &
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C:_:

Ja s I DL . ZE D e P AT e e b ik« http://localhost: 7474/, W& 8-6 Fhi7s

Connect to Neodj Host

rrrrrr

Il 8-6 Neod; Be & & £ #Y 3 57 i &

V)45 FH P 28 A RS RS2 Neodj, | IKAT I ZABBUZE S N 8-7 P .

5 L
Connect to Neodj Now password
Dsiatano SCOess /MoUnes an G e o | |

Rapaal mow passwond

r_-"-.'l-'l'_ill.' password

’ 8-7 Neodj T ‘B 25 15 7 1 &l
HEZEE . HHEATWT R, wE 8-8 .

0 rE-OLLI Learn about Neodj Jump into code
A graph epphany deais you se Crher, e graph quevy |

6./ Whaizagraph datsbase o walk et - i tiieati
(_).-.., wcr; .30 | iy @ g ap! LS b Giragih whie aciivit
. Wl o peoplks o Cier Bialth and siaius

Monitor the system
Wy i) DAty S 510 e s

[REL g

S—— B Fren
- Lt .

Connected to Neodj You are connected as user neod |

1o fhe server bolt:/flocalhost: 78T

Kl 8-8 Neodj Fic B % 4 5¢ i 5 i &l
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AR BT FH Neodj " ST EEE . 0] L 1Al http://www. we-yun. com/, | 1 3C
W ) AT 252

8.2 HBEEFEENA
MEKF - EOARREEEE RBURE 2 2R H8UCR . X524 g

1] 7 . B PRI HE Write Code 28 . 2R J5 B8 create a graph % 4. 2 H B movie
graph B4 28, £ B o0 g2 AH S, AU 5 i 45 R Kl 8-9 Fis .

% CREATE (TheMatrix:Movie {title:'The Matrix', released:1993, tagline:'W

elcome to the Real World'}) CREATE (Keanu:Person {name:'_ b

& 8-9 Neodj B i & 5 5 i &

HE 89 MUFEH . BEMRBERE-ITTEA.BFAREE I XR. £LAE
o [ #5 “person” s FH il (LR A7, 2 (6 K AR “movie” £ HER B EHE”,
BN E . W E 8-10 Fras .

@ @D CD

m Caolor: [ ] i Sizec @ @ '.
|

Kl 8-10 Neodj H ¥ & Bl 8 o A Y1 B 45 )5 69 5 i &
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R F AT e . B &S 6 K/ MBERPHNE., HEEEZK
INHBOZ )G, riSg RuE 8-11 s,

B 8-11 Neodj H i Bl #]8 # f5 1 7 i B

REZEBNYERZERT BOWZ T, XFA9TEE AT PR J5 @ i pr i H A
[ B A5, B W 5 i
Bl s, i 8-12 Fiaw .

Person| <id=: 186 born: 1965 name: Lana Wachowski

& 8-12 Neo4j H i B Fl a5 1 &5 B9 5 i B

X B, T D RE X 25 B R & A
I, A R AR, PHRANAEX L B XA EME. WA 8-13 Frs.

Ll =Rl <id>: 397 roles: Zachry,Dr. Henry Goose,lsaac Sachs,Dermot Hoggins

&l 8-13 Neodj H i Bl il 85 5 R 5 69 5 i &
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8.3 CypheriZs

Neodj 72—~ NoSQL % & . H B9 & ] i 5 2 Cypher i 5 . 5 SQL A3 H
L. AR 27 Cypher BUEEA R .
Cypher 2 —F A BB EMES . BAHER L IR KEFMA . @E, ¥
i SQL A EE ] IR 5 b~ 2 Cypher 15 HIHE .

1. Cypher i 5 & HXEiHiIE X

Cypher 155 % HIO KB FHEA 4 1, HOB E A 1E 90 2052 0] 7 Neod) & P imfr & .
M Neod) HERHEBTN G . AR & L% A“: help cypher”, 21 & 8-14 Pf 7.
Cypher & 5 25 <8 {85 4 W G a0 E 8-15 Fras .,

:help cypher @ @ @

To enjoy full axpenince of Neodj Browser, wa advice you to use Neodj Browser Sync. Toggle sidebar to get started Toggle sidebar

£ :play start

0 neoé] Learn about Neo4j Jump into code Monitor the system
A graph epiphany awails you. Use Cypher, the graph query Key system health and status
language metrics
What is a graph
database? Code walk-throughs Disk utilization
How can | query a RDBMS to Graph Cache activity
graph? Cluster health and
What do people do status
with Neo4j?

Copyright © Neodi, Inc 2002-2017

K 8-14 Neodj F%i A“ :help cypher” i 5% i &

2. Cypher iEEEAXBAMNERSRAZE

(1) CREATE BfEH — B3
G A5

CREATE (n {name: $ value})
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% :help cypher

Cypher Cypher is Neod|'s graph query language. Working with a graph is all about understanding patterns of
data, which are central to Cypher gueries.

A graph query language Use MATCH clauses for reading data, and CREATE or MERGE for writing data.

Reference (0

Related thelp MATCH | @ rhelp WHERE | | @ :help RETURN| |3 :help CREATE @ :help MERGE

@.
@ :help DELETE |@® :help DETACH DELETE @ :help SET [® :help FOREACH
@ :help WITH @ :help LOAD CSY @ :help UNWIND @ :help START
@ :help CREATE INDEX ON| @ :help STARTS WITH| @ :help ENDS WITH
@ :help CONTAINS
®

Guide Cypher

MATCH <pattern> WHERE <conditions> RETURN <expressions>

F 8-15  Cypher i & 4 3¢ S 1A 4 BL iF ¥ £ B 5 I P
KR

CREATE (n) — [r:KNOWS] —>(m)
CREATE (n) — [ :LOVES {since: $ value}]—>(m)

(2) MATCH WI1EH — & Rl VL fic
E@%.«'ﬁ

MATCH (n:Person) — [ :KNOWS] — >(m:Person)
WHERE n. name = 'Alice’

21 1) A
MATCH p = (n) ——>(m)
i B TR AT A

MATCH (n {name: 'Alice'}) ——>(m)

(3) WHERE WIfERH— R

WHERE n. property = 100

(4) LOAD CSV WI1ERH — S A

LOAD CSV WITH HEADERS FROM

'file:///test.csv'as line

CREATE ( :Artist {name: line.Name, year:tolnteger(line. Year)})
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8.4 Neodj B 1—(XENBB B AYMKERED

A8 LACKR T /R DIX A/ NN B YR — T Neodj BB ARl H 7 ik .

(! 1_§Ai{tl: R
using periodic commit 1000

load csv with headers from 'file:///tianlongbabu.csv'as line

merge (nl: A% {1 4% : line. Source}) LRz =
merge (n2: A {1%4 :1ine. Target}) //BE AR A
merge (nl) — [r:4HiH ] —>(n2) /1B X R

on create set r.weight = toInt(line.Weight) /18 In% &R & P weight

B R /NG EE 09 SO BCAE Neodj SCHFJe T B9 import SCHH3k B, 40 & 8-16 Al
& 8-17Fi 7~ .

[ neodj
Bl=oom = % & o Q 8%
bin conf data lib logs plugins run
LICENSE.txt LICENSES.txt NOTICE txt README txt UPGRADE.txt certificates
& 8-16 Neodj 3L 145+ Ew
= import

Bl=oco s %] ¢ Q 4%

tianlongbabu.csv

B 8-17 K /\ RS M FE import U I T B B

7600 58 % T I BE ik . hitp//localhost: 7474/, B 5k v [B] HE Write Code %
L5 A A 8-18 Fias BIACHS , 5 A 0.
SAZLERRIBFAT 1164 PMHRZ 1164 T EIRE T 9934 NEME. 18 T 8770
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431

using periodic commit 1000
load csv with headers from 'file:///tianlongbabu.csv' as line

merge (n1: A4 (¥R :1ine.Source}) / /BRI /R

merge (n2: A¥) (¥R :1line.Target}) //BIRBEIRT R

merge (n1)-[r:#8iR1->(n2) /1B x AR

on create set r.weight = toInt(line.Weight) //ZHlXxZEEMEweight

sing periodic commit 1000 load csv with headers from 'file:///tianlongbabu.csv' as line merg. & e’

‘ Added 1164 labels, created 1164 nodes, set 9934 properties, created 8770 relationships, completed after 2378 ms.

K818 FAFEZEHNGERERAE
T T Y — A B E IR RE A EWAIER S, i 8-19 B .

-
® S
O &z‘ ®

8-19 RABEZEHT AHERESRE

Pl 840 T B 1 IO FH B 2R AT A 5 4% o i, B A E

matchp= (n1{#:% : " ABFE'}) —[*..1] — (n2{E4%: "% '}) return p linit 10
IEATE R AN 8-20 Frs . BB RBETT 5 Pl AR Bcfy H AR,
(no changes, no records)

F 820 ARBESM AN —EAKERA
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i YN/ ¢

matchp= (n1{#%& : " AKBiiE'}) —[*..2] — (n2{& % : "M% "'}) return p limit 10

iﬁ?#%%ﬁn@ 8_21 Eﬁ,ﬂ_{:n

B 8-21 ARl SR A& _EAKERA

Ui B R B 3 A DGR BR o] D@ 3 B IR BRI s R 7AF N . &Rl B R R
—BER R ANBK . YR L PR B A RAR KBS HR A 32 ] LIRSy
I T AL

match p = shortestpath((n1{# 4 : 'AKHHF'}) —[*..6] — (n2{# 4 :'FIK'}) ) returnp

]\-g?#%%ﬁu @ 8_22 Eﬁ:ﬂ__‘{ o

18ig
L HAE
iR 18iR

Bl 8-22  ABiiE 5 Py A AR Y B 4 2 45 R I
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IX 27N BE N KYE BBl A 106 T A BN R BT R AR B — SR e AL
EErRD e B2 AR ERIARL.

match (n: A¥))

return n. 4 as 4%, size((n) - []-()) as degree
order by degree desc

limit 10

EATERINAE 8-23 Fims .,

2 degree
" EQ R 600
" 428
"ITEE" 310
‘BaE 266
"B 4k 246
"EiEm" 236
"ERIEE" &8
A E" 228
“hGEEES" 222
DFRE" -0

K 8-23 RIS R HEF RS E

GRI/ABE BB RARY R, W2 ESEEHRARRER? USWT .

match (n1: A9 {4 BE'}) - [r] —>(n2)
return nl. ¥4 as i, n2. 14 as H¥r, r.weight as X ZINE

order by X R H desc
limit 10

ZATE RN 8-24 Fiw .

| BHx XARNE
"ERE" "R o568
"R s o 469
"ER ‘REE 259
"R “¥h R 220
"ERR" "SR 198
"ERE" "R 130
"ERE" "BRAF 121
"ERE "Pa k" 119
"BRE" "BRIEF" 113
"R "R 110

K824 RENFRFTEHEREXRABEREHTFRRA
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45 R IR BRI R AR T400 L 9 FLE 3 053 0 45

1Y £ 32 P 2% 47

8.5 Neodj Bl 2—&fiH=H

AT H Tolk b & FH# Neodj £ 17 4E 38 M 48 5 ROIRTVE 537
e H admin import #5/4A] AT & csv SUHM LR csv X, B b SO F il

S B T UAZ B . B A RFAES R I 5, 7T LUAR 98 3014 4% =X, 4 1 28 LB
AT F A
FAEWRE PS5 HM R R &S m A . E 8-25 Fios.,

iﬁjﬂﬁl:
MATCHp= (nl1: R & F) ——>(n2: 7% P % /) RETURN p LIMIT 25

Kl 8-25 TR 5 H M RBH R AR

% P 5 HAH SCE 1Y 25 A ik, W& 8-26 B .

IRCIWS I
MATCH p= (nl:IlFZ& ) ——>(n2: I+ & P 3 /&) RETURN p LIMIT 25

LT MER A LR, K 8-25 vk A i) B B R B 2 38 % P, 8 3 H B
BRI RAE PR A 8 8-26 ik el it [ BIARR R H % P, Bk [
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K 8-26 1% P 5 HAREK A KA E &

RNENEZHEF KRN,

BETRER _HEAK.

EREEREFEFP SREPZEARAERER? REP SHE P ZE /K& W
Kl 8-27 7~

matchp= (n1: 3R ZEF) —[*..2] — (n2:33 & ) return p limit 25

g S
| : f

& LS }'4."; 3

I F

'\, /

P e 88 »
.

T P w,, ':»!'*-’,‘H. :
E 8-27 REFEHEFZHMEE
ME 827t ATLI MR E P SR E P ZEZAEEN. (FHA—F, HCHB
LG S AR RSB0, IR X 28 S i R B rh A B 5 5 I 24 — Mt B0 T L X 2% P gl 2

HRVEZ P o ] LUFE 28 Al A 69 55 3K i
HEREARHEP SHEPZEAEAEEZIE, &8P S55% P ZE S0
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IE 8_2855/?.'—*:\- o

matchp= (n1: &) - [ *..6] — (n2:1FZ ') return p linit 25

(no changes, no records)

Completed after 100 ms.

Kl 8-28 W& 5K P Z I H K&

NEAKHNSBEAERE . EREAXA T ARMNERERETZMEFREF.
2 Rk, Bt 3 iRk,

(1) ERo

match (n: {F & )

return n.user id as id, size((n) —[:i@iF] - ()) as FE ., labels(n) as %
order by & f.0»{f desc

iﬁ?#%%ﬁﬂ[ﬁ 8_29 Eﬁ:ﬂ_{: o

id EEROE L

"{88a5539983543e5aB8157aB668720e8" 772 ["4FEF"
“{48dc6abTb1d4166b6611d63e2deadf1" 723 [IFEF
*fb2Bad2735b44191a2e9fd4e51194001" 204 [4FEF")
*4bBaf0e28eaB84323b4823ebb68545486" 172 ["IFEFT]
*ad5c2e3738e348a59612f40eb8480d0c” 137 ["HFEF]
*879c9769a27542c391036¢i47b2a693c" 123 ["4FEFT)
"87dcded27e9d460599488026cbad38b2" 121 [“HFEF)
*c27d6537ebced3d9b077 7bb240451956" 118 ["HFEFT
“11018701134d41b7beb351e3cabb912c" 117 ["HFEF]
‘c68baldfb1beda0td21f62c70ad5e98e" 117 [HFEF)
"5487e8751773485cb0c140e455c062ae" BY ["HFEF
‘d155a1e0cadedf34bal6d1948b88Idd9" 74 [FEF
"72a6e71233454e8c96accfe2clcdbbet” 70 "B,
‘ob9457a3a9084b329ef5a67c 16048401 51 [FHFEF
‘ef74aBcb9aaba0cad7d0b7 1edcfIel 59 a7 ["HFEF"]
*2576bbd4427d4421a329312be769a760" 24 ["6FEF"

K 8-29 &P RER.LHEHFRE
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(2) PO

match (nl)

with collect(nl) as nodes

call apoc.algo.closeness([ i il3% '], nodes, 'both') yield node, score

return node. user id as id, score as £ i .0
order by i .0 desc limit 100

iras S mE 8-30 s .

id

"10e072d66aba4f92a7d385aeeb9cceb2”
"8cdf08b21bbad6d4a411b9dcd4bled33a"
161517 3cBeTi4d26b0283a0c4d3b693d"
“Oa%ee82e15e8473cadfcd32dbcB22d42"
null

null

null

null

null

null

null

Kl 8-30 %P iR ot HE A

(3) gl

match (nl)

with collect(nl) as nodes

- TP 23

0.1

0.1
0.07692307692307693
0.07142857142857142
0.05263157894 736842
0.05263157894736842
0.05263157894736842
0.05263157894736842
0.056263157894 736842
0.05263157894T736842
0.05263157894736842

call apoc. algo. betweenness([ i 3% '], nodes, 'both') yield node, score

set node. betweenness = score
return node. user id as id, score as 4.0
order by H1 4.0 desc limit 100

wiTas R A 8-31 s .

TS DA B S b s B S Pk Ok B A AT R i SOIR A

A TIERFAE WM ENR ., T ik B b O 24 B9 568 BB RGO .

AT AT .

match p= (nl{user id:'2576bbd4427d442fa3293f2be769a760'}) —[] —>(n2) return p

BT B A 8-32 Fim «
i &l 8-32 n] Hl, X~ B E A B = 24,
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id P ROE
"e59902bi0bd941378913451c2eab50bc” Ba3ys9.2
"e1id1bc45i6e4b9081327b94d281edbd” 667349.2
*0b9643dcdba543738069191a38b0fc3” 506521
*{8Ba55399B83543e5a8857a8668720e8" 2976086
“f48dc6ab7b1d4166b651 1d63e2deadf1” 261003
null 194084
null 194094
il 194094
null 194004
"47772e023725426e9%a11e2c4920940a2" 192833.2
"6d13faZeceSadcc2a73905623383bc3b5" 165891

E8-31 FEFPMPAPFLEHRFE

@ 8P RRLD
2o

B 8-32 EHLHAN24TEAXRAE
Neodj Wi SN IR 2. A H TR E P HXER . 5 BEH & .4t

o7 5 4 il 5

8.6 Py2neo

Neodj ;&2 — P AE# - H 89 B & & £ e . & v DL 3 Python K zh. — ft H
Py2neo, &2 18] M« pip install py2neo, BAR H A EE M A IEE 1740 00 i B, 2%
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WA EEE LS ZE M ht . http://py2neo. org/v3/index. html, 10 & 8-33 Fizs.

The Py2neo va Handbook »

-
O, O
P -1
y2neo
P l
‘uv."
5
o
Table Of Contents
The Py2neo v3 Handbook
= Instaliation
= Requirements

= |library Reference

Mext topic
1. py?neo. types — Graph Data Types

This Page «

Show Source

Quick search

|| Go |

Enter gearch lerms of 8 module, class or function
name

The Py2neo v3 Handbook

Py2neo is a client library and toolkit for working with Neodj from within Python applications and fromthe ¢
use.

Note: Documentation for the 2.0 series is available here,

Installation

To install the latest stable version of py2neo, simply use pip:

£ pip install pyéneo
To install the latest bleeding edge code directly from GitHub, use:
$ pip install git+https://github. com/nigelsnall fpy2nec. git#egs=ry2nes

Note that this code s likely to be unstable. Your mileage may vary.

Requirements

The following versions of Python and Neodj are supported:

» Python2 7733734735
» Neod|20/2.1/22/2373.0 (the latest point release of each version is recommended)

Note also that Py2neo is developed and tested exclusively under Linux using standard CPython distnbutic

& 8-33 PyZneo EMIESFFMERAE

TE 58 BE % Z J5 » #E Python Wil B py2neo B AT, & FH B 2038 45 9 o 2 10
MK &, Bl Node #1 Relationship.

from py2neo import Graph, Node, Relationship

E$2 Neodj B 7 LR 82 AU 20T

test graph = Graph(

"http://localhost:7474",

username = "neodj",

password = "neo4j"

test_graph B2 C B 5 ) Neodj B+ . 7Ei% 5 Neodj 8 FE 2 J5 , 5L nl LLAY
EHAT . WAKNEYEHT py2neo. Node, 2 57 1 A Bz E LB K AR
(label) A B2 — > EAK J& M (property . 4 property_key #ll property_value) ., Pl AR

i O ST T A A A

A0
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o

test node 1 = Node(label = "Person", name = "test _node 1")
test node 2 = Node(label = "Person", name = "test node 2")
test graph.create(test node 1)
test graph.create(test node 2)

X AT A AR (JlabeD #4& Person, M L& B J& P (property_key) 4 name,
J& PE{H (property_value) 43 %l & "test_node 1","test_node 2",

A& S Z 5 . 3R] LB 2 Y A A A ¢ & (Relationship) T . TR XRE
A E T UTEESL R, BE L — PR EM -4 RT A, ERFEERN
LRI A AR SN -1 . XNEZ T ERFE - TTHEEACH

node 1 call node 2 = Relationship(test node 1, 'CALL', test node 2)

node 1 call node 2[ 'count'] = 1

node 2 call node 1 = Relationship(test node 2, 'CALL', test node 1)

node 2 call node 1['count'] = 2

test graph. create(node 1 call node 2)
test graph. create(node 2 call node 1)

WPLEACHS A BIEE ST T test_node 1 #8\] test node 2 Fl test node 2 $g[H] test
node_1 FIZZR KR . K RMEEN"CALL" . I Z KR ABABYE count, BER 1.

EXEALER T . GBS CRN . WRELG T ABESE KT AAFE WE
ST AR Y [ I R AL X T R

BMEBREEUSEE T XA EE. CRWENSFRE XERNAH

8.7 ING;
KB EEAE T Neodj B JE .Cypher 1& 5 » £ %F Neodj B8 JE B9 #4E, AP

FW AT G4 T Py2neo X Neodj #E17H CE:AE. BT Neodj 09 FE N A
R Z WA EREN =S M. FREA VL 2E R 7R RIELRE ).
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PyCharm B W & #ihik & . http://www. jetbrains. com/pycharm, T #% 8% £ #i
ik & . http://www. jetbrains. com/pycharm/download/previous. html.

T T LA PyCharm Community K51 . #5417 % %< 15 BH .

(D A “%ZRa”  BH UERR S HET”.

(2) Bl Next f£41, 20 F A-1 iz,

Welcome to PyCharm Community
Edition Setup

Setup will guide you through the installation of PyCharm
Community Edition.

It is recommended that you close all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

Kl A-1 PyCharm Community % 3% 5 & (1)



I fii%A PyCharmZ it 128

3) BFEEHIANLE A E N C:\Program Files\ JetBrains\ PyCharm Community
Edition 2018. 2. 5. 8.7 Browse Al &4 H & &R HR AR LR HEN H E L Z R
23 D:\DevTools\Pycharm, 8 ; Next %4, 1 & A-2 s,

r — b
B s commnty o sy T

| Choose Install Location
Choose the folder in which to install PyCharm Community
Edition.

Setup will install PyCharm Community Edition in the following folder. To install in a different
folder, click Browse and select another folder. Click Next to continue.

Destination Folder

D:\DevTools\Pycharm . Browse...

Space required: 509.9 MB
m Space available: 12.1 GB

& A-2 PyCharm Community Z¢ %5 5 i B (2)

(4) /A) % 64-bit launcher Fl. py (U R 2 32 i #:4E &£ 4 . W 2) 1% 32-bit launcher) ,
B Next #241, & A-3 Fizs .,

& PyCharm Community Edition Setup . —— ﬁ@n

Installation Options
Configure your PyCharm Community Edition installation

Create Desktop Shortcut

32-bit launcher 64-bit launcher

Create Associations

Download and install JRE x86 by JetBrains '

e Lz ) omat]) |

B A-3 PyCharm Community Z¢ %% 5 [ & (3)
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(5) Bii Install 34 . WA A-4 B,
. PyCharm Community Edition Setup ﬂd

-—

Choose Start Menu Folder
Choose a Start Menu folder for the PyCharm Community Edition |

shortcuts.

Select the Start Menu folder in which you would like to create the program's shortcuts. You
can also enter a name to create a new folder.

JetBrains

36022 Hls "

Accessories
Administrative Tools H
Anaconda3 (64-bit)

Apowersoft

Auntec

Chromium 2 FH

CorelDRAW Graphics Suite X8 (64-bit)
Daum I
Electrum

Everything

Graphviz 2.38 -

B A-4 PyCharm Community Z¢ %5 5 i@ & (4)
(6) L% AKMTE 3~4 44, iy Finish 4, E K5 B T PyCharm
Community )% %€, W0 E A-5 Fias .,
- PyCharm Community Edition Setup -_Eg1

Completing PyCharm Community
Edition Setup

PyCharm Community Edition has been installed on your
computer.

Click Finish to close Setup.

| Run PyCharm Community Edition |

K A-5 PyCharm Community % 3% % [ & (5)
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MySQL ‘%32

MySQL B M &% % #b ik & : https://www. mysql. com/, T #k #F 4% #b 5k~ .
https://www. mysql. com/downloads/ .

AT LI MySQL 5. 7. 13 R, i F7 22 25 8 81

(D) A& %R, B L%,

(2) 2} T accept the license terms, By Next f&%H ., 40 & B-1 .

(3) #RiINA) & Developer Default, 7% % % 218 ik # 2) % Custom, #E 17 H E X %
<, By Next %41, & B-2 7w,

(4) AR GZHHEH EE L MySQL Server 5. 7. 13, B d7 Next %241, 0 & B-3
B .

(5) Hifi Execute 4, JF 5% % MySQL Server 5. 7. 13, 40 & B-4 froR .

(6) H.d; Next %241, a0 E B-5 Fras.

(7) By Next %4, W& B-6 Fias .

(8) Bl Next %4, & B-7 Frn .

(9) § AP, AR5 By Next $Z 41, 0¥ B-8 Fras.

(10) Bif; Next &4, i B-9 Fran,

(11) B Next ¥4 . A B-10 Fras.
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L T T e —_————

MySQL. Installer License Agreement
Adding Community
To proceed you must accept the Oracle Software License Terms.

“ GMNU GENERAL PUBLIC LICENSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.,

51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Wi »

Preamble "

The licenszes for most software are designed to take away your freedom

to share and change it. By contrast, the GNU General Public License is
intended to guarantee your freedom to share and change free

software--to make sure the software is free for all its users. This

General Public License applies to most of the Free Software

Foundation’s software and to any other program whose authors commit to "
using it. (Some other Free Software Foundation software is covered by
the GMU Library General Public License instead.) You can apply it to
your programs, too.

When we speak of free software, we are referring to freedom, not price.
Our General Public Licenses are designed to make sure that you have

the freedom tn_dictobhote caniec of free cofhaare fand rharme for thes

Ei Taccept the license terms

Bl B-1 MySQL 5.7.13 &% H & (1)

MySQL. Installer Choosing a Setup Type

Adding Community

Please select the Setup Tvoe that suits vour use case.

(@ Developer Default Setup Type Description .
- Installs all products needed for Allows you to select exactly which preducts you

MySQL development purposes. would like to install. This also allows to pick other
server versions and architectures (depending on
— your 05).
i) Server only

Installs anly the MySQL Server
product.

(&) Ciient only

Installs only the MySQL Client
products, without a server,

@) Fu
Installs all incuded MySQL
products and features.

féj Custom

Manually select the products that
should be installed on the
system.

Bl B-2 MySQL 5.7.13 HEFHE(2)
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MySQL Installer SR X )

™\

MYSQI:- Installer Select Products and Features

Adding Community

Please select the products and features you would like to install on this machine.

Filter:
b 4, All Software, Current Bundle Any Edit

Available Products: Products/Features To Be Installed:
=l MySQL Servers - MySQL Server 5.7.13 - X654
| = MySQL Server
= MySQL Server 5.7

&] Applications
- MySQL Connectors
[+ Documentation

293

Pubished: N/A
Estimated Sire: 233 MB

Charges hitpr/ fdev.mysal.oomydoc/ relnotes mysal’ 5.7/ en/news- 5-7- 13 mi

[ < Back |] Next > J| Cancel l

B B3 MySQL5.7.13 X RHEE(3)

[ _—M
ElMySQLInstalIer _ —

MySQL. Installer Installation
Adding Community
Press Execute to upgrade the following products.

Product Status Progress Motes
E MySQL Server 5.7.13 Ready to Install i

Click [Execute] to install or update the following packages

I < Back H Execute ] Cancel

— =

E B4 MySQL 5.7.13 %3 & (4)
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MySQL Installer =Sy X
b \, |
MySQL. Installer Installation
Adding Community
Press Execute to upgrade the following products.
Product Status Progress Motes
@ |-\ | mysqLserver57.13 Complete
P
|
Show Details = ]
< Back l | Next = ] [ Cancel
% —— — B |

K B5 MySQL 5.7.13 Z# R mE(5)

= MySQL Installer LEL L B M

MySQL. Installer Product Configuration

Adding Community

we'll now walk through a configuration wizard for each of the following products.

You can cancel at any point if you wish to leave this wizard without configuring all the

products.
Product Status
MySOL Server 5.7.13 Ready to Configure

Mext > [ Cancel [

K B-6 MySQL 5.7.13 Z# R mKE (6)
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MySQL Installer

L

MySQL. Installer Type and Networking

MySQL Server 5.7.13

Server Configuration Type

Choose the correct server configuration type for this MySQL Server installation. This
setting will define how much system resources are assigned to the MySQL Server

Config Type: Bt iELE -
Connectivity
Use the following controls to select how you would like to connect to this server.
W] Tcpp Port Number: 3306
E Open Firewall port for network access
| Named Pipe Pipe Name: MYSQL |

"] shared Memory Memory Name: '_MYSQE_L |

Advanced Configuration

Select the checkbox below to get additional configuration page where you can set
advanced options for this server instance.

| show Advanced Options

MyS(’JIf_. Installer

MySQL Server 5.7.13

Accounts and Roles

Root Account Password
Enter the password for the root account. Please remember to store this password in a

MySQL Root Password: eeeee

Repeat Password: senes|

Password Strength: Weak

MySQL User Accounts

Create My5QL user accounts for your users and applications. Assign a role to the user that
consists of a set of privileges,

MySQL Username User Role Add User ]

. Edit User

Delete

[ < Back H Next > H Cancel

B B-8 MySQL 5.7.13 &3 R & (8)
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1

[ 7] MysQL Installer LEL L L =

MySQL. Installer Windows Service

MySQL Server 5.7.13

|¥| Configure MySQL Server as a Windows Service

Windows Service Details

Please specify a Windows Service name to be used for this MySQL Server instance.
A unique name is required for each instance.

Windows Service Name: 4y5QL57
/| Start the MySQL Server at System Startup

Run Windows Service as ...
The MySQL Server needs to run under a given user account. Based on the security
requirements of your system you need to pick one of the options below.
(@ standard System Account
Recommended for most scenarios.
@) custom User
An existing user account can be selected for advanced scenarios.

| <Back || Next> Cancel

ssssssss—————

& B9 MySQL 5.7.13 %% 7 i & (9)

=] MySQL Installer s

MySQL. Installer Plugins and Extensions

MySQL Server 5.7.13
SRR i MySQL as a Document Store

Use the following controls to select how you would like to connect to this server.

"] Enabie X Protocol / MySQL as a Document Store
Port Number: 33060 i

| Open Firewall port for network access

Starting with MySQL Server 5.7, MySQL supports document store development. In
order to provide a complete document store/No5QL experience there is a new
communications protocol called the X Protocol. The expanded capabilities of the X
Protocol enable us to provide modern developer APls with features such as
asynchronous calls, pipelining, and more. In addition to implementing document
collections, the new X DevAPl also supports relational and combined document
store/relational capabilities, Now developers, designers and DBAs can deploy
MySQL databases that implement document store, relational, or hybrid
document/relation models.

Click here to view MySOL as a Document Store online documentation

| <Back |[ Next> Cancel

& B-10 MySQL 5.7.13 223 % & (10)
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(12) i Execute &4, WK B-11 Fras.

Mysd L Installer

MySQL Server 5.7.13

Apply Server Configuration

Press [Execute] to apply the changes
| Configuration Steps [ Log

O Stopping Server [if necessary]

Writing configuration file

Updating firewall

Adjusting Windows service [if necessary]
Initializing Database [if necessary]
Starting Server

Applying security settings

Creating user accounts

Updating Start Menu Link

O 00000 0O0O0

Updating Firewall for MySQL Document Data Feature Set

[ < Back J[ Execute ]l Cancel ]
—

B B-11 MySQL 5.7. 13 EXEFHE (1D

(13) B Finish 24 , 52 i Product Configuration B %%, W0 B-12 Frs .

MP’SQL‘:- Installer Apply Server Configuration

MySQL Server 5.7.13

The configuration operation has stopped.
" Configuration Steps Log l

C/ Stopping Server [if necessary]

Writing configuration file

Updating firewall

Adjusting Windows service [if necessary]
Initializing Database [if necessary]
Starting Server

Applying security settings

Creating user accounts

Updating Start Menu Link

Q Q@ @ @ Q@ @ @ @ @

Updating Firewall for MySQL Document Data Feature Set

Configuration for MySQL Server 5.7.13 has succeeded. Please click Finish to
continue,

B B-12 MySQL 5.7.13 L HFHE (12)
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(14) B Next 4, WE B-13 s,

MySQL. Installer Product Configuration
Adding Community
we'll now walk through a configuration wizard for each of the following products.
You can cancel at any point if you wish to leave this wizard without configuring all the
products.
Product Status
MySOL Server 5.7.13 Configuration Complete.
4 i F

{ Mext > H Cancel ]

B B-13 MySQL 5.7.13 L2 FRHE (13)
(15) B Finish # M. 258K T MySQL 5. 7. 13 £, E B-14 fis.

MySQL. Installer Installation Complete

Adding Community

The installation orocedure has been comoleted.

| Copy Log to Clipboard | ’I

| Finish

B B-14 MySQL 5.7.13 ¥R mE (14
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MongoDB E M &% # # hik & . https://www. mongodb. com/ ., T %% 8 £ b fik H .
https://www. mongodb. com/download-center/community.

A95 LA MongoDB 4. 0. 4 #t X fi 4 il , 3F 17 % e 158 B .

(1) A R’ Bl %R "1 Hl .

(2) By Next 41, iNFE C-1 Pros.

#& MongoDB 4.0.4 2008R2Plus SSL (64 bit) Setup == X

Welcome to the MongoDB 4.0.4
2008R2Plus SSL (64 bit) Setup Wizard

The Setup Wizard will install MongoDB 4.0.4 2008R2Plus SSL
(&4 bit) on your computer. Click Next to continue or Cancel to
exit the Setup Wizard.

Back | Next | Cancel

B C-1 MongoDB 4. 0. 4 ZHEFREHE (D
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(3) A%k 1 accept the terms in the License Agreement, 5 Next &4, 0 & C-2
FIr 7~ .

72 MongoDB 4.0.4 2008R2Plus SSL (64 bit 'Smmﬁ_@“

End-User License Agreement
Please read the following license agreement carefully

Server Side Public License - ||
VERSION 1, OCTOBER 16, 2018 @

Copyright © 2018 MongoDB, Inc.
Everyone is permitted to copy and distribute verbatim copies of

this
license document, but changing it is not allowed.

TERMS AND CONDITIONS

B C-2 MongoDB 4.0.4 3R HE (2)

(4) RERFFEEER E XEZER . Bd5 Custom 4 . tE C-3 Fr .
Complete

All program features will be installed, Requires the most disk space.

Recommended for most users. '

#& MongoDB 4.0.4 2008R2Plus SSL (64 bit) Setup

Choose Setup Type
Choose the setup type that best suits your needs

| cwom |

Allows users to choose which program features will be installed and where they
will be installed. Recommended for advanced users.

E C-3 MongoDB 4. 0. 4 %3 5L H E (3)
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(5) BEBIANLZENE N C:\Program Files\ MongoDB\ Server\ 4. 0\, &8
Browse Mt H E X R HF AL RAENH E X EZH RN D: \DevTools\
MongoDB\ , B Next %4, W& C-4 Fras.

& MongoDB 4.0.4 2008R2Plus SSL (64 bit) Setup le= |

- """ a MI:IHE]GDE; 4.0.4 2008R2Plus S5L |b"1 mmﬂ 4.0.4 2008R2Plus SSL {6‘1'
Ht) L

Custom Setup
Select the way you want features to be installed.

Click the icons in the tree below to change the way features will be installed.

This feature requires 113KB on your
hard drive. It has 6 of 6 subfeatures
selected. The subfeatures require
627MB on your hard drive.

] 1 3

Location: D:\DevTools\MongoDB\ I

Reget | Disk Usage Back et || cancel

B C-4 MongoDB 4. 0.4 %35 HE (4)

(6) By Next &4, W E C-5 P~

#& MongoDB 4.0.4 2008R2Plus SSL (64 bit) Service Customization M

Service Configuration
Specify optional settings to configure MongoDB as a service.

[¥] Install MongoD as a Service
(@) Run service as Network Service user

(") Run service as a local or domain user:

Account Domain: ; ‘I
Account Name: IMQngDDE
Il Account Password: | II
Data Directory: D:\DevTools\MongoDB\data\, ﬂl
Log Directory: D:\DevTools\MongoDB\log\,

< Back Next > Hmmel I

B C-5 MongoDB 4.0.4 &3 R HE (5)
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(7) A/a) 1% Install MongoDB Compass, i Next &£l . W& C-6 s,

#& MongoDB Compass

Install MongoDB Compass
MongoDB Compass is the official graphical user interface for MongoDB.

By checking below this installer will automatically download and install the latest
version of MongoDB Compass on this machine. You can learn more about
MongoDB Compass here: https://www.mongodb.com/products/compass

B C-6 MongoDB 4. 0.4 %% R EE (6)

(8) 5 Install 24, W& C-7 Frs .,

===~

@ MongoDB 4.0.4 2008R2Plus SW

Ready to install MongoDB 4.0.4 2008R2Plus SSL (64 bit)

Click Install to begin the installation. Click Back to review or change any of your installation
settings. Click Cancel to exit the wizard.

S S

Back | Install | Cancel |

B C-7 MongoDB 4. 0.4 Z3HFEE(T)
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@

(9) L3 RKMFTE 3~4 705h . B Finish #4. 2528 T MongoDB 4. 0. 4 #t
X R A 2% . W E C-8 Fras .

ﬁ MongoDB 4.0.4 2008R2Plus SSL (64 bit) Setup

Completed the MongoDB 4.0.4
2008R2Plus SSL (64 bit) Setup Wizard

Click the Finish button to exit the Setup Wizard.

Back Einish | Cancel

B C-8 MongoDB 4. 0. 4 % %% L\ & (8)
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Neodj B Mk & . https://neodj. com/, F#sE kM. https://neodj.
com/download-center/ # releasesreleases/ % 23releases.

AT LA neodj-3. 4. 9 X WK ] L 33E 47 %2 B 0L BH .

(1) @ zip M K MERWCHEERBAC B ENZREHRT ALRHARE
7 H %4 : D:\DevTools\neo4j-community-3. 4. 9. 71 & D-1 Fr~.

. B & W W Ta Y . S

3L » Install (D) » DevTools » neo4j—ornni—3,,9 >

v +y | | 12F neodj-comr

= v
. & = ’ L] s o
G | bin 2018/10/319:19 it
i ). certificates 2018/10/2219:07 4t
EWaIJAa L. conf 2018/10/23 18:19 {4
| data 2018/10/3110:27 <zt
R ). import 2018/10/1215:01 Sz
R ) lib 2018/10/23 18:19  zdtsk
S ). logs 2018/11/28 16:53  Srfsk
| I plugins 2018/10/24 20:45 SCi$3E
= Lo 2018/10/1215:01 riisk
Ll | hs_err_pid2300.log 2018/10/3116:16  ScAscRy 304 KB
b | hs_err_pid8312.log 2018/10/3115:39 xRy 305 KB
t | LICENSE.txt 2018/10/1215:01  TXT =it 36 KB
: | LICENSES. txt 2018/10/1215:01  TXT 3zi% 86 KB
R | NOTICE txt 2018/10/12 15:01  TXT 37t 7 KB
s | README.txt 2018/10/1215:01  TXT it 2 KB
| UPGRADE.txt 2018/10/1215:01  TXT it 1 KB
L

B D-1 MongoDB 4. 0. 4 %% 5 1 &



I BiED Neodj&iH1E @
)

(2) Neodj FIEACE , BT AY-BE-RERGERE”, B HE AR .
B RGUER VT Bl IR L B R A R A &L A E D2 PR,

AR >s ] L x ] ﬁ c

HEIE [ B | B | RGHEF e |

HBRITASHEN, BLRENERRIER. hf BIAFZE D) '
e RE 18
MR, WS, AEER, LLEENMTE Path D:'\DevToolshWE Codelbin i |
TENF YUSERPROFILE%\AprpData'Local\Tenp
GRE(5)ee THP %USERPROFILE%\AppData‘\Local\Tenp !
AFRE I
SEERHEOREEE v | FE@®... |[ WBROD |
BEE... RRES @
; =8 = .
BaindE e agl. loz Destination=flle @
EEEnh. REABMiniEnES C_EM64T_REDI... C:‘\Program Files (x86)\Commen F...
CLASSPATH HTAVA HOME%\1ib;%JAVA HOME%M1lib...
ConSpec C:'\Windows'\systen32\cnd. exe -

| FRE... | BEO... || #@O |

[ ®E ][ Bma |

Bl D-2 Neodj FIEECEE (D

(3) HrE NEO4]_HOME 22 & , % W 1) 28 B fH 8 Neodj H)E 3% H s AR H L3
H %4 : D:\DevTools\neo4j-community-3. 4. 9, B “ B & "% 4 , W E D-3 Fizs .

TEZM: NEO4] _HOME

TEE: D:\DevTools\neod j-communi ty—3. 4. 9|

| ®mE || B

TE B -

FP_NO_HOST C... HO E

JAVA HOMNE D:\DevTools\ jdkl. 8

NEO4J_HONE D:\DevTools\neod j—community—3. 4. 9

NUMBER_OF_PR... 8 -
(HE®... | [ HEO... | [ #rO

Lo®mE [ ®E

Bl D-3 Neodj FHEHECE FE (2)



(168) Pythont1285 S— KR AF 534 FRAEBIRR) |

(4) FiEE PATH 28 &, %5 B 28 {4 Neodj %4 H K1 bin, A H L3 H
58 A : D:\DevTools\neo4j-community-3. 4. 9\ bin, 5. “ Wi & "&£l . 40 K] D-4 Fros .

HETE 2%
B g Bt
FREATE & e
LEA W) PATH
TEET): %WNEO4] HOME%\bin:
| @mE || B
RETE(S)
R 18 -
NVTOOLSEXT_PATH C:\Program Files‘\NVIDIA Corpora...
0s Windows NT =
Path %JAVA_HOME%'\bin %JAVA_HOME%\jre...
PATHEXT .COM:.EXE: .BAT:.CHD:.VBS:.VEE:....
| FRW... || &BO... Wbz L) |
| ®\E || B
K D-4 Neodj HIEREE(3)

(5) Ki5%5 Neodj 2 WML IEH . 0] LIFTH emd & O, UJ #2223 H 58 AY bin H 3R

¥
A

@ =R C\Windows\system32\cmd.exe .
Microsoft Windows (2 6.1.7601]

KELETAE (c) 2009 Microsoft Corporation. f=E5BETHEMF .

C:\Users\hf>cd /d D:\DevTools\neod4 j-community-3. 4. 9\bin

D:\DevTools\neo4 j—community—3. 4. 9\bin>neod4j install-service

Neodj service installed

D:\DevTools\neo4 j—community—3. 4. 9\bin>neo4j start

Neodj service started

D:\DevTools\neo4 j—community-3. 4. 9\bin>

& D-5

Neodj J 3 P

cd/d D:\DevTools\neo4j-community-3. 4. 9\bin, %k J5 J3 3] Neo4; Ik 5% . Jt)5 ki
neo4j install-service #l neodj start, B 1] J3 Zf) Neo4j ik 5%, WK D-5 Fr7as .

|l )




I BfD NeodjZZE5 (169)
)

(6) FTH WG a5, W %8 25 P 4 A B hk: hetp://localhost: 7474/ browser/ , B A]
#t A Neodj F-1 . W E D-6 iz

* @ localhost 7474/ browser/

Database access notl avatable Please use Eiasstiissnrasd o eslablish connechion There's & graph waiting for you

$ :szerver connect
Connect to Neo4, Connect URL
Database access requires an authenticated beoit./Mocalhost T&8T
connection
LS e e
P04
Fasgword
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